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ABSTRACT 
Fish Production and Movements in the Lower 
Logan River, Utah 
by 
Eric P. Bergersen , Doctor of Philosophy 
Utah State University, 1973 
Major Professor: Dr . John M. Neuhold 
Department: Wildlife Resources 
Following the abatement of domestic sewage pollution 
xii 
in the lower Logan River , the fish population was investi-
gated in terms of abundance, growth, fecund ity, production, 
mortality, age class structure, species diversity, distri-
bution and movements during 1970 and 1971. 
Three general groupings of fish were identified in 
the study area on the basis of species composition, 
abundance and distribution using a cluster analysis 
technique. These were located in l) the tributary stream 
(7-Mile Creek) which previously transported sewage to the 
river and 2) above and 3 ) below 7-Mile Creek in the main 
stream of the Logan River . A "transition" popu l ation was 
present in the river near the confluence of 7-Mile Creek . 
Species diversity was predictabl e on the basis of four 
physical variables including percent riffle, a measure of 
bank cover , stream sinuosity and gradient . Percent riffle 
appeared to be the most important variable in predicting 
the "Trophic Condition Index" of the fish population. 
xiii 
An information theory function was used to determine 
the extent of fish movement within the study area. Of the 
four dominant species in the river (carp, mountain white-
fish, Utah suckers and brown trout) only the brown trout 
demonstrated an apparent response to the pollution abate-
ment by reducing the extent of its movements at this time. 
Seas onal growth patterns were strikingly similar among 
the species e xamined with maximum growth occurring during 
the spring months. Extensive weight losses, attributed to 
high population densities and a decline in the invertebrate 
forage base, occurred during the summer of both 1970 and 
1971, particularly in the older age classes of mountain 
whitefish and brown trout. 
Production of carp, mountain whitefish and brown trout 
and Utah suckers was assumed to approximate total fish 
production in the river. Whitefish production above and 
below 7-Mile Creek was estimated to be 3. 8 7 and 1.65 
gm/m 2 /yr respe ctive ly for the period June 1970 to May 1971. 
Carp production in these two areas was estimated to be 22.86 
and 10.45 gm/m 2/yr for the same period. Brown trout produc-
tion was estimated to be 5.94 gm/m 2 /yr above 7-Mile Creek 
while production of Utah suckers in the study area was 
estimated to be 2-3 gm/m 2 /yr. Weighted production for the 
entire study area was estimated to be 23 . 5 gm/m 2 /yr. 
Evidence is presented which suggests that fish production 
has increased fol l owing the pollution abatement. 
{183 pages) 
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INTRODUCTION 
Organic pollution of a river can be viewed as the 
addition of readily available energy to the stream ecosystem 
(Beers, 1968). When pollution abatement and control 
measures are initiated on a polluted stream, the aquatic 
community i s immediately deprived of this source of energy 
a nd distinct changes in the community structure often occur 
in response to the changing water quality. The r educed flow 
of energy can have a decided and profound effect on the 
organisms inhabiting the stream. The biological productivity 
of the organisms or explicitly the rate of energy flow 
through their respective trophic levels can thus be used to 
determine how the community is responding functionally to the 
decreased energy supply. By using this fundamental approach 
to the study of organic pollution it is possible to gain 
insight into the effects of organic pollution on the aquatic 
community and the dynamics of the ecological processes 
invo l ved in the natural recovery of a polluted body of wa ter. 
With the emphasis being placed on water pollution abate-
ment and control by numerous federal, state and local 
agencies, new methods of waste water treatment have been 
deve l oped and many inadequate treatment systems have been 
replaced by more efficient and effective methods, red ucing 
the number of lakes and streams receiving untreated domestic 
po llutants. This in effect has altered the eutrophication 
processes which had been stimulated by the indiscriminate 
disposal of sewage in many lakes and streams. In a strict 
trophic dynamic sense, many waters previously receiving 
additional nutrients in the form of untreated sewage are 
now without this energy source. Since t he biologica l 
recovery of the waterway is the ultimate goal of po llution 
control , the response of the stream community to this 
lowered energy supply becomes of interest in gaining an 
understanding of the processes interacting to bring about 
this recovery. 
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The lower Logan River, which was previously an integral 
part of the Logan, Utah city sewage system, is an example of 
a river in which the abatement of domestic sewage pollution 
has occurred. 
In November, 1967 the city of Logan began diverting its 
raw sewage waste water from a system consisting of a small 
temporary holding pond into a series of large oxidation 
ponds . This e liminated the raw sewage effluent which was 
previously allowed to flow untreated from the holding pond 
down 7-Mile Creek into the valley portion of the Logan 
River. Prior to this time, the quality of the river water 
below the confluence of 7-Mile Creek varied with the seasona l 
changes in the river's f l ow rate and irrigation demands 
placed on the water entering the tributary stream. Studies 
conducted on the valley portion of the river indicated that 
these seasonal changes in water quality had a predictable 
influence on the aquatic community (Matthews, 1966; Beers , 
1968; Erman , 196 8 ). 
This study was a n attempt to investigate the effects 
of the abatement of domestic sewage pollution on the fish 
popu l ation in the valley portion of the Logan River. The 
main objectives were to compare fish population dynamics 
in the river above and below the conf luence of 7-Mi l e Creek 
and to identify changes in fish movement related to the 
pollution abatement. 
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DESCRIPTION OF STUDY AREA 
The study area was located in the valley portio n of 
the Logan River in Cache Valley (elevation 1350 meters) 
approximately 5 kilome t ers west of Loga n, Utah. The 
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portion of the river desig nated as the study area extended 
downstream a distance of 6.3 kilometers from the Mendon 
Bridge and included the l ower 0.4 kilometers of 7-Mi1e Cr eek , 
a spring fed tributary (Figure 1). 
The river above 7-Mile Creek is characterized by swift 
current, r e lative l y steep gradient (0.57 to 2.73 m/km), 
numerous d istinct riffles and pools, a nd brushy banks. The 
stream bottom consists of finely-divided material and some 
g rave l. Except during f l ooding the wate r i s clear. 
The bed of 7- Mi1e Creek is composed almost entirely of 
mud a nd c lay . The water in 7 - Mile Creek was always turbid 
d ur ing the s tudy . 
The phys i ca l c haracteristics of the river change b e low 
7-Mile Creek . The gradient dec lines (0.40 to 0.23 m/ km), 
the river deepens and widens , water ve loci ties drop to 
a l most undetectable leve ls, meandering increases and riffle 
areas are l ess a bundant and are a b s ent from the lower 2 
ki l ometers of the section. Sil t carried by 7-Mile Creek 
increases the turbidity of this section of the river through-
ou t th e year. Pertinent c hemical a nd physical features of 
the study a r ea are presented in Tables 1 a nd 2. 
Figure l. Map of Logan River study area showing 
collec t ion stations and location of Logan 
City oxidation ponds . Matthews ' stations 
are indicated by Roman numer a l s . 
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Table 1. Selected physical features of the study area . Unless indicated o t herwise , 
measurements wer e made during late summer. 
Section 
1 
2 
3 
4 
5 
6 
7 
8 
7-Mi l e 
Le ng th 
(M) 
765 
834 
1170 
453 
4 02 
653 
1 095 
941 
390 
Mean 
width 
(M) 
% riffle 
1970 1971 
% Bank cover 
1970 1971 
7. 83 20. 91 24. 84 46.9 46.2 
7.33 14.14 10.79 48.6 67 .7 
7.24 23.50 14.53 49.0 75.0 
5.44 12.14 4.42 49.1 78.3 
9 .18 19 .65 10.72 28 .5 81.5 
8 . 68 1.53 0.00 34.0 92 . 2 
9.26 0.00 0.00 37.3 83.3 
12.12 0.00 0.00 43.4 88 .1 
3.60 0.00 0.0 0 36.7 36.7 
a . . . d _ Stream lengtn ( . 196 8 13 ) 
Sinuosity 
i ndex a 
l.4 48b 
l. 935 
3.000 
2.3 84 
2 . 323 
2.839 
3 . 421 
4.7 05 
l. 646 
Gradien t 
M/Km . 
2. 732 
1.103 
. 897 
. 573 
. 398 
.404 
.2 55 
. 244 
2.30 
Mean 
midchanne l 
depth (M) 
4.21C 
3.89 
3 . 82 
4 . 38 
4.3 8 
8 . 11 
6.04 
6 . 13 
.7 5 
s~nuo s~ty ~n ex - Valley l ength Mor~sawa, , p. 8 . 
bsinuos ity in section 1 in 1 971 was 1.438 due to recha nnelizati on caused by fl ooding 
during spring runoff. 
cMeasured at 8 mete r interva l s - February 1 972 . 
"' 
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Tab l e 2. Pert inent chemical and physical data of the study 
area. 
Station Measurement Range Mean Source 
Logan River 
(1970-1971) 
Above 7- Hi l e 
Below 7-Mile 
7- Mi l e 
(1965 - 66) 
Mendon Bridge 
(1965) 
Mendon Bridge 
(1956-57 ) 
Turbidity 
E . c . e 
D.O. ppmf 
B. O. D. ppm 
Turbidity 
Conductivity 
D.O . ppmf 
B.O . D. ppm 
D. O. ppmf 
B. O. D. 
B. O.D. 
Ca ppm 
Mg ppm 
Na ppm 
K ppm 
co3 ppm 
HC03 ppm 
Cl ppm 
so. ppm 
TDSb ppm 
E.c.e 
pH 
N03 ppm a 
P0 4 ppm 
K ppm 
Cl ppm 
so. ppm 
Ca ppm 
Mg ppm 
Na ppm 
HCO 3 ppm 
TD S ppmb 
Turbidityc 
47 - 98 
310 - 1250 
7.9-11.5 
1. 02 - 2 . 98 
42- 99 
310-2100 
8 . 6-11.8 
1.39-5. 10 
7 . 7-9 . 32 
. 31 - 3.84 
l. 60 - 34 . 00 
34 -7 5 
13-26 
3- 8 
0 . 8-2 . 3 
0.4-l.l 
160-336 
3- 9 
10- 35 
1 80 - 336 
292 - 540 
7.4-8.5 
0 . 0- 4 . 9 
0 . 0- 0 . 8 
0. 1-2.0 
6.0-8 . 0 
1 2-1 5 
28-58 
24- 28 
5- 25 
240-264 
1 85-230 
2-12 
a bppm e quals parts per mill ion (mg/L) 
88 
610 
10. 0 
l. 98 
87 
560 
10 . 5 
2 . 90 
8.6 
2.38 
15.0 0 Matthews 
55 U. S.B.R.d 
20 U. S . B. R. 
5 U. S . B. R. 
1.2 U. S . B. R. 
0 .7 U. S . B.R. 
240 U.S .B. R. 
6 U.S.B.R . 
21 U.S . B. R. 
235 U. S . B. R. 
410 U. S.B . R. 
8 .1 U.S.B.R . 
McConnell 
McConnell 
McConnell 
McConne ll 
McConne ll 
McConne ll 
McConnell 
McConne ll 
McConne ll 
McConne ll 
McConnell 
TDS equa l s total dissol ved solids 
~Data reported in terms of Si0 2 standards (ppm) 
Uni ted States Bureau of Reclamation , Logan, Utah 
~Electrical conductivity of the wa t er in microhms 
Dissolved oxygen concentratio n of the s ur face water 
(1966) 
(1 965 ) 
(1 965 ) 
(1 96 5) 
(1965 ) 
(1965) 
(1965 ) 
(1965 ) 
(1 965) 
(1965) 
(1965) 
(1965) 
(1 958) 
(1958) 
(1958 ) 
(1958 ) 
(1958) 
(1 958) 
(1 958 ) 
(1958) 
(1 958 ) 
(1 958 ) 
(1958) 
The ri ver flow is augumented by inflows f rom 7-Mile 
Creek a nd several minor irrigat ion returns. The annual 
discharge pattern of the river as monitored at the Mendon 
Bridge by the United States Geological Survey is typical 
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of small rivers in the inte rmountain region with minimum 
flows during late summer caused by irrigation withdrawals 
and maximum flow s during May and June due to snow melt on 
the watershed. During August of 1 970 the entire river was 
diver t ed above Mendon Bridge for irrigation purposes r esult-
ing in a rapid drop in water level in the study area. The 
only wa t er flowing in the river at this time was from 
7- Mile Creek and limited irrigat ion returns . This minimal 
f low in 1970 was followed in the spring of 1971 by the 
highes t f l ows ever recorded (53. 5 m3/sec ., May 16, 1 9 71) at 
th i s gauging station. The river was only parti a lly diverted 
during 1971 and flows remained relatively high t hroughout 
the summer . Mean temperatures and flow rates during the 
study are shown in Figure 2 . 
The annual discharge pattern of 7-Mile Creek during the 
study was s i mi lar to that described by Ma tthews (1 966) . 
Mi nimum flows occurred during late summer (August) with 
highe r flow r ate s during the fall a nd winter months. During 
the high runoff in May and J u ne of 1971 the lower end of 
7-Mile Creek lost its integrity as a distinct water course 
when the Logan River overflowed its banks and flooded the 
lower areas a l ong the river. This condition existed for 
approximately four weeks . 
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Severa l a spects of the aquatic communities in the 
study area have been investigated. McConnell (1958) and 
Clark (1958) studied algal compone nts of the river biota. 
Bange ter (1966) briefly surveyed the fish and invertebrate 
fauna of the river while more intensive investigations of 
these communities were conducted by Matthews and Neuhold 
(1967) and Erman (1968). Beers (1969) investigated the 
rates of benthic algal production and Sphae r ot i lus assimi-
lation in the study area. 
10 
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METHODS 
Selection of River Sec tions 
The study area was divided into nine sections: four 
sections above and below 7-Mile Creek and the lower 0.4 
kilometers of 7-Mile Creek. Sections l-2-3, 4-5, 6-7-8, 
and 7-Mile are essentially identical to Matthews (1966) 
sections I, II, III, and IV (Figure l). Seven Mile Creek 
enters the river immediately between sections 4 and 5. The 
choice of the section boundaries other than those esta-
blished by Matthews was based on the presence of physical 
characteristics of the river such as the end of specific 
riffles or pools. 
Fish Collections 
A checklist of fish species collected from April 1970 
to January 1972 is shown in Table 3. The numbers and 
location of capture of all spec ie s collected during the 
study are given in Tables 4 and 5. 
Fish collections were made during all seasons of the 
year with the most intensive collecting occurring dur ing 
the summer months . 
A small beach s eine was used to a limited extent for 
collecting fish in the flooded areas during high water and 
in the quieter areas of the river at other times . 
Table 3 . Check li st of fi s h collec t e d in study area 
April 1970 - January 1972.a 
Common name 
Mountain whitefish 
Carp 
Utah sucker 
Brown trout 
Rainbow trout 
Cutthroat trout 
Black bullhead 
Yellow perch 
Green sunfish 
Largemouth bass 
Black crappie 
Utah chub 
Red shiner 
Brook trout 
Speckled dace 
Arctic grayling 
Mountain sucker 
Gold fish 
Mottled sculpin 
Scientific name 
Pro sopi um wiZZiamsoni (Girad) 
Cyprinus oarpio Linnaeus 
Catostomus ardens Jorden and Gilbert 
Salmo trutto Linnaeus 
SaZmo gairdneri Richardson 
Salmo oZar ki Richardson 
IotaZurus meZas (Ra finesque) 
Perea flavesoens (Mitchell) 
Lepomis oyaneZ Zus Rafinesque 
Mi oropteru s salmoide s (Lacepede) 
Pomoxis nigromaouZatus (Lesueur) 
GiZ a atrari a (Girard) 
Notropis Zutrensis (Baird and Girard) 
SaZvelinus f ont inaZis (Mitchell) 
Rhin ichthys osoulus (Girard) 
Thy mal Zus arotious (Pallas) 
Catos tom us p Za ty r hynohus (Cope) 
Carassius auratus (Linnaeus) 
Cottu s bai r di Girard 
aCommon and scientific name s used are those given in the 
Ame rican Fishery Society Special Publication No. 6, "A 
List of Common and Scientific Names of Fishes from the 
Unite d States and Canada," 3rd. Ed., 1970. 
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Cy lindrical wire fish traps as described by Kemmerer (1970) 
were used frequently in 7-Mile Creek during the study. 
The best and consequently the most intensively utilized 
method of fish collection was e l ectrofishing. This was 
accomplished with a sing l e-boom shocker boat . Three 
32-strand twisted copper wire cables were used as electrodes , 
one extending from the bow mounted boom and the other two 
from f l exible connectors located opposite one another 
arnidship. The front e l ectrode extended approximate l y two 
meters into the water; side electrodes extended approxima t ely 
1 . 5 meters into the water. Electricity was s upplied from a 
2500 watt (230 vo l ts) , 180 cycle, 3-phase , a lterna ting 
current, gasoline generator . All collections were made during 
day l ight hours . 
Shocked fish were p laced in two live boxes aboard the 
boat . Fish wer e identified, weighed , measur ed , tagged or 
marked and scal e samples were taken from be l ow the origin of 
the dorsal f in. Fish were released in the same area in wh ich 
they were captured. No a nestheti c was us ed during the f ish 
hand l ing operation . Fish were we i ghed to the nearest g r am 
using a pa n ba l ance. Total a nd standard l e n gth measurements 
were obtained for a ll fish on a conventional fish measuring 
board. Total length is the greatest length of a fish from 
its anterior most extremity to the end of the longes t cauda l 
fin r ay . Standard l ength i s the grea t est l e ngth from the 
anterior most extremity to the base of the caudal fin rays. 
14 
Consecutively numbered and color coded viny l plastic anchor 
tags (Dell, 1968) were used to tag al l fish over 40 grams . 
Fish smaller than this were fin clipped for location ide n-
tification. Fin clipping was used most extensively on the 
age 0 whitefish. The entire fin was removed which was 
sufficient to insure identification throughout the summer. 
Fish movement 
The extent of fish movement within the study area was 
estimated by examining the difference between the section 
and date of tagging and the section and the date of recap-
ture. Movement patterns were also determined for l -1 0 , 
ll-20, 21-30 and over 30 days since previous recapture . A 
matrix of the numbers of fish recaptured and the location 
of recapture and previous location of capture was constructed 
for each time interval and species. From this the general 
movement patterns were identified . A hypothetical example 
of such a matrix is shown in Fi gure 3. 
Those fish recaptured in the same section in which they 
were tagged wou l d occur on the diagonal axis as indicated by 
the A 's where A equals the number of fish recaptured. Any 
individuals above the diagonal would have moved down stream ; 
any below wou l d have moved up stream. In the example, six 
fish were recaptured in section 7 after having been pre-
viously captured in section 3 ; four were recaptured in 
section 5 after having been captured in section 6 a nd so on. 
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Locat ion of previous capture 
Figure 3 . A hypothetical examp l e of f i sh moveme nt 
matr ix. 
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White's (White, 1973) H va lue was used to analyze the 
relationship of location of recapture and previous capture 
location. It was derived from an information theory 
function and is the form 
n . . 
where Pij ~J, nij being the sum of recaptures in a given 
block and N is the total number of individuals in the given 
collection. 
from a given 
P. 
l " 
n. 
l• ~ where ni· is the sum of recaptures 
n . 
location and P . = _:2 where n . is the sum of 
• J N • J 
previous recaptures in a given location. 
H measures the strength of the relationship between 
two categorical variables, in this case location of capture 
and location of previous capture. The l owest possible H in 
an 8 x 8 table would be 1/8 or . 125. An H of .30 to .40 
could be considered moderately good and an H of . 60 to .70 
or higher would be considered a strong relationship. Being 
independent of sample s ize, it has obvious advantages over 
the chi square analysis. For example, with a l a rge sample 
size one could get a significant x2 value but not a high H. 
The opposite is also possible, i.e., a high Hand a low x2 
value. Its weakness lies in the fact that no method of 
estimating confidence intervals have as yet been establi shed 
for H. 
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Age, growth and condition 
Standard techniques were employed to determine age 
and growth relationships. Sigler (1953) and Tesch (1968) 
can be consulted for detailed methodology. Where possible , 
scale samples were col l ected from below the origin of the 
dorsal fin from all species with the exception of the carp. 
In this species opercular bones were used for age and 
growth determinations in the manner described by McConnel l 
(1951). Carlanders third degree polynomial model (Lagler, 
1956) or the direct proportion method was used to relate 
body length to scale or opercular size. 
The coefficient of condition or condition factor (K) 
was computed using the equation described by Carlander 
(1969) . This equation is K = w x 105 where w is the weight 
L 3 
in grams and L is the length in millimeters. 
Instantaneous rate of growth, was computed as: 
log log w1 
g 6T (Chapman, 1968) 
where w1 and w2 are estimated we i gh ts of fish at times t 1 
Morta l ity was determined from catch curves as described 
by Ricker (1958) . These curves were obtained by plotting 
the log of the numbers of individuals against age. A 
straight line was fitted to the descending right limb of the 
curve by the least squares method. The instantaneous rate 
of mortality i was determined by changing the sign of the 
slope of the regression line and multiplying by 2.3026. 
A table of exponential func tions was used to obtain the 
annual rate of survival from the equation s = e-i The 
annual mo r tality rate, a , is equal to l - s. 
Fish Production 
Population estimates 
Population estimates of the carp, brown trout, and 
whitefish were made using the Bailey modif i cation of the 
Peterson method (Ricker, 1958) : 
where, 
N M(C + l) R + 1 
N estimate of the total number of fish in the 
population 
M total number of marked fish in the population 
C total catch of recaptures , and 
R number of recap tured fish . 
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Population estimates were based on electrofishing recaptures 
only. 
A knowledge of when the fish were tagged allowed 
population estimates to be made during discrete time 
intervals . Since it took five to ten days to adequately 
sample the river above or be lo1v 7-Mile (the areas for wh ich 
population estimates were made) the catch during this per iod 
was pooled to obtain population estimates. Recruitment to 
the catchable population was assumed to be negligible 
duri ng the recovery periods . 
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Approximate 95 percent confidence intervals for N were 
obtained from tables presented by Ricker (1958) and Cl opper 
and Pearson (1 943) in the manner described by Ricker (1 958 ). 
After plotting individual estimates, a curve of tota l 
abundance N (of each species) against time was fitted by 
inspect ion taking into account confidence limits , sample 
sizes and movement patterns. Interim monthly estimates were 
based on this line. 
The abundance of each year class was estimated from the 
proportion of t he tota l catch each represented during any 
given month . A curve of relative abundance for each year 
class was fitted by inspection to the se points . Monthly 
values taken from these curves were, in turn , projected to 
the total population estimates to obtain the monthly popula-
tion e stimates of each year class . 
Monthly production es timates were calculated according 
to methods outlined by Ricker (1958) . They were calcu l ated 
as P = gB where g 
B 
instantaneous growth rate and 
mean month l y biomass 
Mean monthly biomass B represen t ed th e mean of biomass at 
the beg inning and end o f each month . Biomass at the begin-
ning of each month was calculated as the product of numbers 
of fish at each age a nd mean weight of individual fish of 
that age . A modifica tion of the computer program used by 
Hunt (1966) was employed to carry out the mathematical 
calculations of production . 
The exponential growth model of Ricker and Foerster 
(1948) was used to obtain production estimates of age 0 
whitefish . 
Gonad Production 
Estimated gonadal weight losses due to spawning were 
calculated from pre and post spawning gonadal weight-total 
length l inear regression lines . During pre and post 
spawning periods gonads were removed from selected indivi-
duals and weighed to the nearest gram . Gonad weights were 
plotted against total lengths and straight lines were 
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fitted to the two sets of points by l east square techniques. 
The algebraic difference between these lines (at the approxi-
mate mean length of spawning fish) was considereu the average 
weight loss per individual due to shedding of gonadal pro-
ducts. From population estimates and known sex ratios the 
numbers of each sex present at spawning was estimated. Total 
gonadal production was considered the product of this number 
and the estimated individual weight loss due to shedding of 
gonadal products . 
Fish Population Structure 
Species diversity 
The Shannon-Weaver index of general diversity D (Odum, 
1971) was calculated for pooled collections for each location 
21 
in both 1970 and 1971. It was calculated as: 
Where, Pi 
ni 
~ when ni is the number of individuals of 
species i and N is the total number of all individuals in 
the sample. 
Cluster analysis 
A cluster analysis of the fish collections were per-
formed utilizing a computerized program described by 
Estabrook and Rogers (1966). This program was developed 
originally as a tool for the analysis of large amounts of 
t axonomic data. Its usefulness in this study was primarily 
in its ability to calculate similarity va lues based on 
objects (collections) which were described by characters 
(species) which were in turn divisible into character states 
(1 , 2,3,4) which represent numbers of each species in a 
collection. For a detailed description of the theory behind 
the program, Estabrook and Rogers (1966) and Wirth , Estabrook 
and Rogers (1966) should be consulted . Brief l y, for each 
possible pair of objects (collections) in the study, a 
similarity value (C) is calcul ated based on the similarity of 
species and numbers of each species present. 
To r educe the variability due to differences in effort 
expended in making the collec tions, catch per unit of effort 
for each species was used as the character value rather than 
actual catch. Fifteen minutes of electrofishing was arbi-
trarily chosen as the unit of effort . 
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In the present application, wel l ordered characters 
were used to describe similarities between states. All 
immediately adjacent states were assigned the similarity 
value of .500. States separated by one were assigned a 
value of .250. All others separated by more than one state 
were considered completely dissimilar and were assigned a 
similarity value of zero . This process of assigning 
between state similarity values in a ordered fashion should 
eliminate bias from the calculation of collection similarity 
values. 
The program lists each object (collection) and its ten 
most similar objects in decreasing l eve l of similarity. 
Each collection and its three most similar collections were 
used to describe the distribution and composition of the 
fish population in the study area. 
Morphometric Measurements and Water Analysis 
Measurements of riffles, bank cover, section length and 
width, and sinuosity were taken from a detailed scaled map 
of the study area drawn from aerial photographs and measure-
ments and observations made in the field. Gradients were 
measured with a standard surveyor's level. Sinuosity was 
measured as stream length/val ley l ength (Morisawa, 1968). 
The percentage of shore line covered by brush a nd tree 
branches actually e ntering the water at the time of measure-
ment was considered bank cover. Mid channel depth measure-
ments were made at approximately eight meter intervals over 
the entire study area with a Sportman 's dia l fathometer. 
Water temperatures were measured with pocket mercury 
thermometer s or maximum-minimum recording thermometer s at 
t he Mendon Bridge, 7-Mile Creek and the lower e nd of the 
study area . 
23 
Water samples for 5-day biochemical oxygen demand (BOD) 
determinations were ana l yzed in accordance with American 
Pub lic Health Association Standard Methods (1960) . River 
discharge rates were obtained from U. s . Geological Survey 
flow records. Conductivity in microhms was measured with a 
portable Industrial Instruments Incorporated Model RB- 3 
conductivity meter . 
RESULTS AND DISCUSSION 
The Fish Population 
The species composition of the fish popul ation in the 
Logan River has changed considerably in the last half 
century . Interviews of several long time resident fisher-
24 
men in Cache Valley indicate that prior to about 1940 chubs 
and suckers were the dominant fish species in the valley 
portion of the river. These most l ike l y were the Utah 
chub, Gila artraria , and the Utah sucker, Catastomous ardens . 
Carp were apparently present in the river at least fifty 
years ago but did not become abundant until about 25 - 30 
years ago at which time the suckers and chubs reportedly 
"vanished" from the lower port ions of the river. The timing 
of this phenomenon (i.e., 25-30 years ago) was remarkably 
consistant among the individuals interviewed . 
Prior to this time "natives" (probably cutthroat trout) 
and whitefish were seldom , if ever , caught or observed in the 
lowe r reaches of the river . There was however a slight 
inconsistency among those inter viewed as to the abundance of 
whitefish in the river in past years. 
Largemouth bass and bullheads have apparent l y been 
present in the Little Bear Rive r marsh for at least 30 years. 
Thei r prev ious presence in the study area could not however 
be verified al though it is probable that they wer e present in 
the lower portions of the river. 
The change in species composition in the river was 
roughly coincidental with the onset of domestic sewage 
discharges into the river. Sewage was first discharged 
into the river about 40-45 years ago (personal communica-
tion, Mr. Frank Cowley, Logan, Utah). 
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The changes in the fish population resulting from this 
discharge would not necessarily have been rapid. More 
probably, the change was one of slow displacement of one or 
more spec ies (chubs and suckers) by another (carp) as the 
habitat gradually changed with the continual input of 
organic wastes . This could explain the 10-15 year discrep-
ancy between the onset of the sewage discharges and the 
first noticeable changes in the fish population. 
Other factors which might have influenced the fish 
population in the lower river are changes in us e patterns 
on the watershed , irrigation practices and an overall 
reduction in the quality of river habitat upstream from the 
study area. 
The present fish population in the study area can bes t 
be described by examining the similarities of each collection 
made in each location with its three most similar collections 
as is shown in Figure 4. Each dot indicates one of the three 
most simi l ar collections. For example , in section 2 (on the 
abcissa) there were 8 collections in section 1 that were very 
similar, 2 in section 2, 7 in section 3 , 2 in section 4 and 
so on. On ly two collections below 7-Mile Creek (entering 
between 4 and 5) were in the "three most similar" category. 
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Figure 4 . Group ings of similar fish collections based on 
simi l arity values . The position of each square 
r epresents one of the three most simi l ar collec-
tion locations (on the ordinate) to each collec-
tion and its respective location on the absc issa. 
Three distinct groupings are shown within the 
heavy lines. 
I 
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Three fairly distinct groupings can be seen in which 
abundance and speci es composi t ion are similar . The genera l 
locations of these groupings correspond roughly to sections 
1- 4, 5-8 and 7- Mile Creek . From this it is evident that 
the species composition is quite distinct above and below 
7- Mile Creek with an apparent t r ansition (sections 4 and 5) 
between the two areas. 
The popu l ation above 7-Mile Creek is characteri zed by 
whitefish and the trout with relatively few carp and 
suckers. Below 7- Mile this relationship is reversed with 
carp and suckers predominating and whitefish and trou t 
occurring in low numbers (th i s was especially evident in 
1 970) . This re l ationship reflects the differences in 
habitat in the two areas . Accordingly , the t ransition 
populations are apparent in the habitat transition zone. 
The distinctness of the 7-Mile grouping is due to the 
consistant l y large n umbers of carp captured and the frequent 
presence of bul l heads and green sunfish in the collections . 
The latter two species were seldom captured elsewhere in 
t he study area . The predominance of these three species 
and the near absence of the trout in 7-Mile contribute to 
the dissimilarity of this creek from the rest of the study 
area . 
Tables 4 and 5 show the distribution of fishes 
collected by stream sections during 1970 and 1971. There 
was no significan t difference between the mean number of 
Table 4 . Number of fish collected by location in the study a r ea during 197 0. 
= 
Section 
Species l 2 3 4 5 6 7 8 
-
Whitefish 220 175 224 104 100 38 9 
Carp 141 1 28 208 64 71 43 110 100 
Utah sucker 51 30 73 39 24 6 4 31 11 
Brown trout 63 58 65 16 13 5 4 
Rainbow trout l 2 3 3 l l 
Cutthroat trout 2 2 2 4 l l 
Black bullhead 3 6 3 11 4 4 5 
Yellow perch l 5 2 
Gr een s unfis h l 2 3 l 5 
Largemouth bass 
Black crappie 2 l 
Ut ah chu b 2 
Red shiner 3 
Brook trout 
Speckled dace 4 
Grayling 
Mountain sucker l 
Goldfish 
Mottled s culpin 
7-Mi le Cr. 
12 
12 3 
35 
l 
4 2 
9 
l 
l 
"' 
"" 
Table 5. Numbe r of fish collected by location in the study area during 1971. 
Section 
Species l 2 3 4 5 6 7 8 7-Mile Cr. 
---
Whitefish 1 234 583 664 200 203 1 81 117 68 1 31 
Carp 268 86 1 43 52 81 53 90 103 282 
Utah sucker 88 53 56 12 ll 1 0 22 12 7 0 
Brown trout 1 83 86 1 04 27 13 l4 1 9 7 4 
Rainbow trout 8 7 7 7 5 7 4 2 2 
Cutthroat trout 3 3 2 6 3 l l l 
Bl ack bullhead 2 3 7 4 1 2 52 
Ye llow perch 
Green sunfish l l l 1 21 
La r gemouth bass 1 2 
Bl ack crappie 
Utah chub 3 2 1 1 2 8 
Red shiner 1 l 
Brook trout 2 
Speckled dace 
Grayling 1 2 
Mountain sucker 
Go l dfish 1 
Mottled sculpin 
"' 
"' 
species per station in 1970 and 1 971 although replacement 
by different species was evident . 
Seven-Mile Creek had a very distinctive population 
from which almost all other collections were dissimilar. 
Carp were the most abundant species in 7-Mile Creek 
followed in abundance by suckers, bullheads and strangely 
enough, young of the year whitefish. 
Diversity indices based on pooled collections from 
each location for 197 0 and 1971 are shown in Figure 5. 
Pooled values were believed to be more representative of 
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the actua l diversities within a given section than were 
diversity va lues based on individual collections which 
seldom included more than 5 or 6 different species. There 
was no significant difference in diversity (D) in 1970 and 
1 971 however in both years the greatest changes in diversity 
occurred in sections 7 and 8. 
Harrel et al. (1967) postulated that an increase in 
fish species diversity wi th stream order (generally with 
decreasing gradient) was the result of an increase in avail-
able habitat and decrease in environmental fluctuations. 
This could in part account for the observed increase in 
diversity in the lower sections of the river in 1971. The 
mean volume of flow increased, more habitat was available 
and environmental extremes such as temperature were less 
than they were in 1970. Conversely, the low flows in 1970 
would have r educed available habitat and extremes in 
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Figure 5 . Diversity va l ues based on pooled collections 
from each section during 1970 -197 2 . 7-Mile 
Creek values are indicated wi th open symbols . 
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environmental conditions would have been more likely to 
occur. Because of the physical nature of the upper 
sections of the study area, extremes in flow would not have 
had as great an effect here as in the downstream sections. 
Although there was no significant difference in the 
mean annual diversity values during the study, it is 
evident that in sections one through six, differences did 
exist during the two years. Why diversity was consistantly 
higher in these sections during a low water year is 
difficult to explain. It is conceivable that because the 
fish were more concentrated during low water the probability 
of encountering additional species would have been higher. 
There was howe ver no significant difference in the number 
of species collected in 1970 and 1971. This would seem to 
suggest that diversity was perhaps dependent on sample size . 
Theoretically, D, should be independent of sample size 
{Odum, 1971). It appears that the difference observed was 
a function of the relative abundance of certain species in 
the collections . The total number of the rarer s pecies 
collected was about the same in both years. It was the 
great increase in the more common species {primarily white-
fish) in 1971 that caused the reduced diversity value in 
this year. In other words , the rarer species made a much 
smaller contribution to the diversity value. 
Species diversity values for all nine sections of the 
study area in 1970 and 1 9 71 are compared with diversity 
values in other aquatic communities in Table 6. Diversity 
values for the Logan River were in the range generally 
associated with more rigorous or very uniform environments 
such as are found in polluted or physically altered 
habitats. The development of cattle and pig feed l o t s , 
channalization and indiscriminate dumping of debris in and 
along the river above the study area cannot be dismissed 
as possible causes of the low diversity values recorded in 
the study area. 
In an attempt to de termine what physical variable s 
effected species diversity in the study area, several com-
binations of measured variables were regressed against 
diversity in each section for 1970 and 1971 (Tables 7 and 
9) . Simple correlations between the variables were a l so 
computed to determine what variables correlated best with 
species diversity in each year (Table s 8 and 10). 
Although the small sample size (N 9) makes a rigid 
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interpretation of the results difficult, an equation 
including percent riffle, percent bank cover , gradient and 
interactions between percent riffle and bank cover and 
percent riffle and sinuosity resulted in a fair degree of 
precision. The best equation is (see Table 7 for definition 
of symbols): 
s = 2.4776- .0 3017A-.03754B-.46468D+ .0 0296AB-.0 2482AC 
The coefficient of determination for this equation is 0 . 898 , 
significant a t 90 percent, with a coefficient of variation 
Table 6 . Fish species diver sity values for various aquatic communities . 
Dive r s i ty va lues 
(1970) (1971) 
l. 90 1 l. 4 30 
1.811 l. 39 7 
l. 94 0 l. 480 
l. 953 l. 481 
2 . 036 1.500 
2 . 023 l. 617 
l. 649 l. 95 5 
l. 444 l. 846 
l. 829 2 . 073 
l. 51-3.00 (me an 2. 26 ) 
2 . 16 
l. 76-2.97 (mean 2. 40) 
l.ll-2. 85 (mean 2 . 21) 
.9 9-1.88 (mean l. 54) 
2.02- 2.81 (mean 2.52) 
Community 
Description 
Logan River 
Section l 
Section 2 
Section 3 
Section 4 
Section 5 
Section 6 
Section 7 
Section 8 
7-Mile Creek 
Source 
10 s t at i ons Skunk Ri ver, Iowa Laser e t al ., 1968 
l station a t sewage treatment 
p l ant outfa ll Skunk River 
9 stations Little Patuxent River Chu - Fa Tsai , 1 970 
1 958 
9 stations Little Patuxent River 1967 
following de t erioration of water 
quality 
4 stations Swan Fa lls Reservoir Sig ler et a l., 1972 
6 stations be low Swan Falls Darn 
Snake River, Idaho 
w 
"" 
Table 7. Regression of selected variables against species diversity for 1 970 (N = 9). 
(A) Percent Riffle 
(B) Percent Bank Cover 
(C) Sinuosity 
(D) Gradient, m/km 
S = bO + b 1A + b 2B + b 3D + b 4AB + b 5AC 
Error Coefficient of 
Variab l es d .f. determination f-value a 
A, B, D, AB , AC 3 . 898 5 . 333 ( . 900) 
B, D, AB,AC 4 .737 2 . 805 (. 750) 
B , AB,AC 5 .493 l. 625 (. 500) 
B, AB 6 . 482 2 . 799 (. 750) 
AB 7 . 217 l. 94 1 (. 750) 
alevel of significance in parenthesis 
bCoefficien t of variation = (Residual mean square)~ Mean d~vers~ty 
Mean square 
(%)b c.v . error 
. 0099 7 . 94 
.0193 11. OS 
. 0297 13.73 
. 0253 12.69 
.0328 14.44 
w 
U1 
Table 8 . Cor relation matrix (R x 100) between parameters used for development of 
reg r ession equation for 1 970 , (N = 9) . The l evel of significance of each 
coefficient is indicated in parenthesis for H0 : p = 0 (Snedecor, 1 9 71 , p . 184) . 
s 
A 
B 
c 
D 
AB 
(S ) Species Diversity 
(A) Perce nt riffle 
(B ) Percent Bank Cover 
(D) Gradient , m/km 
(AB) Percent riffle x Percent gradient 
(AC) Percent riffle x sinuosity 
A 
52 (80) 
B 
-1 5 (50) 
35 (60) 
c 
- 74(95) 
- 43 (70) 
- 4 (50) 
D 
24 (50) 
6 1 (90) 
49 (80 ) 
- 52 (80) 
AB 
46 (70) 
96 (99) 
57 (80) 
-4 2(70) 
69 (95) 
AC 
50 (80) 
93 (99) 
32 (50) 
-25 (50) 
35 (60) 
9 0 (99) 
w 
0\ 
Table 9. Regression of s e lected variables against species diversity for 1971 {N = 9). 
{A) Percent riffle 
Variables 
A, B,D , AB,AC 
A, B,D,AB 
A,D,AB 
A,AB 
AB 
{B) Percent bank cover 
{C) Sinuosity 
{D) Gradient , m/ km 
A= bO + b 1A + b 2B + b 3D + b 4AB + b 5Ac 
Error Coefficient of 
d. f. determination f-value a 
3 .942 9 . 778 {. 950) 
4 .897 8.733 {. 950) 
5 .820 7.605 {. 950) 
6 . 616 4.824 {. 900) 
7 .610 10.991 {. 97 5) 
aLevel of significance enclosed in parenthesis . 
bcoefficient of determination = {Res~dualdmean s~uare)~ 
ean ~vers~ y 
Mean square 
{%)b c.v. error 
.0047 6 . 00 
.0062 6.92 
.0087 8.19 
.01 54 10. 92 
.0135 10 . 19 
w 
_, 
Table 10 . Correlation matrix (R x 100) between parameters used for development of 
regression equation for 1971 (N = 9). The level of significance of each 
coefficient is indicated within parenthesis for H
0
: p = 0 (Snedecor, 1971, 
p. 184) . 
s 
A 
B 
c 
D 
AB 
A 
(S) Species diversity 
(A) Percent riffle 
(B) Percent Bank Cover 
(C) Sinuosity index 
(D) Gradient, m/km 
(AB) Percent riffle x percent gradient 
(AC) Percent riffle x sinuosity 
B c D 
- 71(95) -13 (50) 33(60) - 58 (80) 
- 39 (70) - 51(80) 89 (99) 
72 (95) -47 (80) 
-51 (80) 
AB AC 
-78 (95) - 73 (95) 
94 (99) 91 (99) 
-25 (50) - 23(50) 
- 45 (70) - 37(60) 
71(95) 67 (95) 
98 (99) 
w 
00 
of 7.8 percent. The sinuosity index, which correlated 
well with diversity, did not in previous attempts to 
develop prediction equations , increase their precision . 
The midchannel depth was also considered but it was 
found to add little to the precision of the equations. 
This is contrary to that reported by Sheldon (1968) who 
found fish species diversity to be dependent solely on 
depth alone in Owego Creek, New York. He did concede 
however that other structural features of the habitat such 
as roots and logs (Bank Cover!) could significantly 
influence diversity. A number of studies including those 
of Kuehne (1962), Larimore and Smith (1963), and others 
support the importance of habitat structural diversity in 
determining the diversity among stream fishes . 
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Regressing the same physica l variables against 
diversity in 1971 resulted in somewhat greater precision of 
the best prediction equation (Table 9). That equation was: 
s 1. 67712+.109972A-.00302B-.57047D-.00185AB+.O ll58AC 
with a coefficient of determination of .942, significant at 95 
percent with a coefficient of variation of 6.0 percent. In 
both 1970 and 1971 a measure of gradient and an interaction 
term between percent riffle and percent bank cover accounted 
for the greatest portion of the variability in diversity. 
Because of its strict l y numerical nature , the species 
diversity index D does not depict the functional role of 
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the species in a fish population. This is particularly 
evident where a distinct change in species composition 
occurs in a relatively short distance. For instance, one 
could have identical diversity indices with entirely 
different species present. Such a situation would not 
reflect the suitability of the environment for a particular 
species. 
With this in mind , a measure of the "trophic condition" 
(Brinkhurst et al., 1968) of the fish population in each 
section of the study area was calculated. This index was 
originally used to describe the pollutional status of 
portions of the St. Lawrence Great Lakes utilizing various 
species of chironomids as indicator organisms. It is a 
means of simply describing, in a quantitative manner, a very 
basic functional response of an organism to its environment. 
Inasmuch as trophic refers to feeding, the name given this 
index by Brinkhurst is somewhat misleading. For simplicity 
however, it will be maintained during this discussion. To 
calculate this index, the species collected were divided 
into three categories corresponding to their ability to 
tolerate a degraded, polluted or highly eutrophic environ-
ment (Table 11). In the majority of cases this posed no 
serious problems as the environmental requirements of most 
fish are fairly well known. In the case of a few of the 
rarer forms in the river such as the speckled dace and 
mountain sucker, their categorization was primarily a reflec-
tion of the type of habitat in which they were found. 
Table 11. Classification of fish species into "trophic" 
categories reflec ting their relative tolerance 
to degraded or polluted habitat conditions. 
n 
0 
Intolerant 
Grayling 
Rainbow trout 
Brown trout 
Cutthroat trout 
Brook trout 
Mountain whitefish 
Mottled sculpin 
nl 
Moderately tolerant 
or facultative 
Speckled dace 
Large mouth bass 
Crappie 
Yellow perch 
Mountain sucker 
n2 
Tolerant 
Utah chub 
Utah sucker 
Red shiner 
Green sunfish 
Black bullhead 
Carp 
Goldfish 
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The values 0, l and 2 were assigned to the three 
categories to correspond to their increasing ability to 
withstand degraded conditions. The "trophic condition" 
index was calculated usi ng the formula 
T.C. 
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where n1, n 2 and n 3 represent the number of individuals in 
a given taxa which has been classed respectively as 
intolerant, fa cu ltative or tolerant. The theoretical 
maximum and minimum values for this equation are 2.0 and 
0.0 respectively. A high value would indicate the presence 
of species tolerant of degraded habitat conditions. Low 
values would indicate the presence of predominately 
sensitive species. It wou ld be unlikely to obtain a value 
of 0.0 in the Logan River because of the presence of 
cosmopolitan species such as the carp and Utah suckers which 
are found in all sections of the study area. The range of 
values obtained in both 1970 and 1971 illustrate the down-
stream longitud i nal differences in the "trophic status" of 
the fish in Lhe study area (Figure 6). It is probable that 
the consistently higher values in 1970 were a reflection of 
the main physical differences in the river in these two 
years, i.e. , flow r ates and probably temperature. In 1970 
habitat conditions were more extreme throughout the study 
area due to low water levels. As a r esult, intolerant 
species were less abundant causing the trophic condition to 
X 
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0 
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Figure 6 . Trophic Condition Index values in the study 
area during 1 970 and 1 971 . 
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increase. In the higher water of 1971 the habitat was 
apparently improved resulting in lowered index values. 
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The lower sections of the river and 7-Mile Creek reflected 
degraded habitat conditions based on the types of fish 
present. Since sewage is no longer discharged into the 
river this would suggest one of two things; the river is 
still in the process of recovering from the previous organic 
pollution, or the physical habitat delimits the abundance 
and distribution of the fish species present in the study 
area. Based on water quality data and the large differences 
observed in the index in the two years of the study, the 
latter appears to be the case. 
In an effort to gain some insight of the physical 
factors influencing "trophic condition" in the river, four 
selected variables were regressed against the index value 
in each section of the study area during 1970 and 1971 
(Tables 12 and 14). In both years percent riffle emerged 
as the most important variable in predicting "trophic con-
dition . " In 1970, the addition of a measure of sinuosity 
improved the equation somewhat. The best equation for this 
year was: 
T.C . 1.391 + 0.108(B)- 0.038(C) 
where B is a measure of stream sinuosity and C a measure of 
riffle area. The coefficient of determination for this 
equation was .828, significant at 99.5 percent with a 
coefficient of variation of 17.8 percent . 
Table 12. Regression of selected variables against trophic condition factor for 
Variables 
A, B,C,D 
A, B, C 
B,C 
c 
1970 (N = 9). 
(A) Bank cover (%) 
(B) Sinuosity 
(C) % riffle 
(D) Gradient, m/km 
T.C. = bO + b 1A + b 2B + b 3C + b 4D 
Error Coefficient of 
d.f . determination £-value a 
4 . 84 1 5.301 (. 900) 
5 .839 8.745 (. 975) 
6 . 828 14. 603 (.995) 
7 .787 25.732 ( . 995) 
aLevel of significance enclosed with parenthesis. 
. . (residual mean square)~ 
bCoefficient of var1at 1on = mean of dependent var1able 
Mean square 
(%)b c.v. error 
.0731 21.01 
.05 92 18 . 96 
.0 527 17 .87 
.05 61 18 .4 6 
,. 
(J1 
Table 13. Correlation matrix (R x 100) between parameters 
used for development of regression equat ion for 
1970 (N = 9). The level of significance of 
each coefficient is indicated in parenthesis 
for H0 : p = 0 (Snedecor, 1971, p. 184). 
TC 
A 
B 
c 
(T.C.) Trophic condit ion index 
(A ) Bank cover, % 
(B) Sinuosity 
(C) % riffle 
(D) Gradient , m/km 
A 
-4 (50) 
B 
36 (60) 
-44 (70) 
c 
49 (80) 
-53 (80) 
62 (90) 
D 
-38 (70) 
56(80) 
-89 (99) 
-62 (90) 
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Table 14. Regression of selected variables against trophic condition factor for 
Variables 
A, B,C , D 
A, B , C 
A,C 
c 
1971 (N = 9) . 
(A) Bank cover , % 
(B) Sinuosity 
(C) % riffle 
(D) Gradient, m/km 
T.C. = bO + b 1A + b 2B + b 3C + b 4D 
Error Coefficient of 
d . f. determination f - va lue a 
4 . 914 11.06 0 ( . 975) 
5 . 897 1 4 . 551 (. 995) 
6 . 679 6 . 386 ( . 950) 
7 . 389 4 . 448 ( . 900) 
aLevel of significance enc l osed in parenthesis 
bCoeff i cient of variation = (residual mean square)~ 
mean of dependent var~able 
Mean square 
(%)b error c.v. 
.0304 24 . 75 
.0292 24 . 21 
. 0755 38 . 91 
.1 234 49 . 79 
... 
-..J 
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Although gradient correlated moderately well with 
trophic condition (Table 13), it did not contribute greatly 
to the precision of the equation. Its effect was probably 
included in the effect of sinuosity and to a lesser extent , 
percent riffle, both of which have been shown to be related 
mathematically to velocity (Hynes, 1970). 
In 1970 a combination of variables including bank 
cover (A), sinuosity (B) and percent riffle (C) produced 
the best prediction equation (Table 14). This equation was 
T.C. 1. 807 - 0.023A + 0.306B - 0.032C 
The coefficient of determination for this equation was .897, 
significant at 97.5 percent with a coefficient of variation 
of 24 percent. During 1971 bank cover was well correlated 
v1ith trophic condition (Table 15) implying that the more 
bank cover present the higher the "trophic condition" or the 
poorer the overall habitat. This is somewhat misleading. 
More bank cover was present during 1971 because of the 
higher water, particularly in the lower sections of the 
river where thick brush covered most of the bank. Its high 
correlation with "trophic condition" is probably more a 
resul t of its coincidental distribution in the study area 
than a r e flection of its relationship to " trophic condition." 
In 1970 bank cover was poorly correlated with trophic con -
dition. It is suspected that the inclusion of a measure of 
bottom type or mean section velocity or both would have 
Table 15. Corre l at i on matrix (R x 1 00 ) between parame t ers 
used for deve l opment of regression equa tion for 
1 97 1 (N = 9). The l evel o f significance of 
each coefficient is indica ted in parenthesis 
for H0 : p = 0 (Snedecor 1971, p. 184). 
TC 
A 
B 
c 
(TC) Trophic condition index 
( A ) Bank cover, % 
(B) Sinuosity 
(C) % riffle 
(D) Gradient, m/km 
A B c 
73(95) -40 (70) -49 (80) 
- 52 (80) -53 (80) 
90 (99) 
D 
-25 (50 ) 
31 (50) 
-62 (90) 
-52(80) 
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added as much or perhaps more to the predictive power of 
the regression equation. 
Fish Movement 
The estimations of the ext ent of f ish movement in the 
study area were base d so l e l y on information ob t a ined from 
individua lly marked r ecaptured fish. 
Whitefish 
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The movements of r ecaptured whitefish in the Logan 
River during the study are s hown in Figure 7 . Moveme nts 
d uring the summer of 1970 were almost exclusively u pstr eam . 
This appeared t o be in r esponse to the rap i d l y dropping 
wate r level at this time caused by the diversio n of the 
river above the Mendon Bridge for irrigation purposes . 
Many fish apparently managed to get above this dam befor e 
the river was completely diverted . Over a thousand white-
fis h were observed immediatel y above the dam in l ate August. 
The majority of whitefish present in the study area a t thi s 
t i me wer e age II and younger f i sh. Upon removal of the dam 
in ear l y September, flows were increased from 14 cfs to 
122 cfs and the study a r ea was rapidly repopulated with 
whitefish of all r epresented age classes . 
Bridges a nd Neuho l d (1 966) observed that upstream move-
ment of whitef i s h i n the canyon portion of the Logan Ri ve r 
reached a peak in May with downs t ream movement peaking in 
November. 
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Figure 7 . Movement patterns of r ecaptured Mount ain Whitefish in the Logan River 
during 1 970 and 1971. 
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A tendency toward downstream movement during the 
winter and ear ly spring of 1971 was evident in the study 
area . Record flows in the study area during April, May 
and June made sampling h azardous so movement data are not 
available for this period however a s l ight down stream 
movement was evident in a sma ll portion of the whitefish 
population during July, August and September . Matthews 
(1966 ) observed a similar downstream movement of whitefish 
in the study area during the winter and spring . He attri -
bute d t his to increasing flows and the resu l ting improve-
ment in water quality. 
A direct comparison with Matthews ' whitefish movement 
data is possib l e. By pooling recaptures from sections l , 
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2 and 3; 4 and 5 ; and 6 , 7 and 8 they become comparable to 
collections from his stations I, II and III . (His station 
III was actually somewhat longer than stations 6, 7 and 8 
in the present study . ) By examining the relationship of 
location r ecaptured to location of previous capture using 
White ' s H, it is possible to gain some insight into the 
strength of the relationship before and after the abatement 
of the sewage discharge . The comparison made here is for 
a ll recaptures and does not consider speci fic seasonal 
trends. It does reflect however the overa ll extent of 
movement within the populations during the t wo studies. 
Matthews ' data and those of the present study are shown in 
Table 16. The lowest H value possible in a 3 x 3 table 
Table 1 6. Whitefish collections in the study area in 1965 and 1970-1971 showing 
recapture l ocation and numbe r recaptured. 1965 - 1966 data f r om 
Ma tthews (1966). 
~ c III 
::l 0 
..., ..... 
0.+' II 
f11 f11 
0 0 
<1l 0 I ~ .-< 
1 965-1966 
3 I 3 3 I 
13 22 3 
108 11 4 
~-
I II III 
Location of previous 
capture 
N 
H 
170 
.6528 
<1l 6- 7-8 H <: 
::1 0 
..., ..... 
4- 5 0.-+J 
f11 f11 
0 0 
<1l 0 l-2-3 ~.-< 
1 970 - 1971 
16 10 9 
13 15 9 
244 8 7 
1-2- 3 4- 5 6- 7 - 8 
Loca tion of previous 
capture 
N 
H 
331 
.6171 
i 
"' w 
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would be 1/3 or .3333. The values of .5 628 and .6171 
would indicate a moderately strong relationship between 
location of previous recapture and recapture location 
during both studies with a slightly stronger relationship 
between the variabl es during 1970-1971. Because confidence 
intervals have not yet been developed for this statistic, 
differences are difficult to interpret. In any respect, 
the small differences observed suggest that the degree of 
whitefish movement is essentially the same now as it was 
prior to the pollution abatement and is very probably a 
reflection of natural seasona l movement pa tterns apparentl y 
unrelated to the level of pollution. 
In testing the hypothesis that the variab les are 
independent, a chi square value of 116.4 was obtained for 
the 1970-1971 data indicating that a significant relation-
ship (significant at 95 percent level of confidence) existed 
between the recapture l ocati on and the location of previous 
capture. Although a significant chi square va lue (60.23 ) 
was obtained for Matthews' da ta the considerably higher 
value obtained in 1 970 -1 971 suggests that the relationship 
between the variabl es was stronger in 1970-1971 than in the 
previous study. 
A test of independence between year and movement was 
made using a 2 x 3 contingency chi square test. The percent 
of movement in Matthews ' and the present study, and the 
result of the contingency table analysis are shown in Table 
17. 
Table 17. 
Year 
1 965- 1 966 
1970-1971 
Percent of movement of recaptured whitefish 
during 1965-1966 and 1970-1971. Chi square 
value is .67, tabu l ar X2 (2 ,. 05) = 7.38. 
Direction of Movement 
Upstream None Downstream 
10.6 78.2 11.2 
7.3 80 . 9 11.8 
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Although slight changes in the degree of movement were 
evident, overall movements were not significantly different 
during the t wo studies . 
Because any given section of the river was generally 
samp led biweekly throughout the summer months, an attempt 
was made to discern any imme diate effects of hand l ing and 
tagging on fish movement. Recaptures we re grouped according 
to days since previous capture in the fol l owing manner: 
1-10, 11-20, 21-30 , over 30 day s and all collections com-
bined (Table 18 ). The strength of the relationship of 
whitefish recapture location to location of previous capture 
during the fir s t ten days following recapture (H = . 4058) 
was l ess than either of the two succeeding ten day intervals 
reflec ting the initial downstream displacement fo l lowing 
capture. The H va lues did not drop below the first ten day 
va lue until the fish had been at large f or at least 30 days 
after which seasonal movements probably weakened the 
relationship wi th a resulting drop in H. 
This suggests that th e capture and tagging procedure 
had a limited traumatic affec t on the fish producing a down-
stream movement with the current. Af ter 10 or 20 days 
however , the fish general l y appear to have moved back to 
thei r original capture location . This same pa tte rn would 
have been eviden t if the fish which moved downstream 
initia lly continued their movement out of the study area or 
died, l eaving only those tha t did not move to be recapture d 
57 
Table 18. Movement patterns of recaptured tagged whitefish. 
Days since Total % Recaptures moving 
previous capture number Upstream None Downstream H 
l-10 68 9.6 53 . 3 36.9 .4058 
ll-20 47 16.4 68.3 14.3 .5043 
21-30 58 16.4 61.8 21.6 .4 21 6 
Over 30 175 14.7 59.9 25.4 . 3615 
All collections 348 14.9 61.9 23 .2 .3 323 
at a later date. Unfortunately very few f ish were recap-
tured more than twice so this problem was never fully 
resolved. 
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Although fish were collected on downstream "swings " 
through each section and the tagged fish released in the 
same area in which they were captured, the overall down-
stream movement during the collection procedure may have 
influenced the recapture results by favoring the collection 
of downstream migrants over upstream migrants. An y f ish 
recaptured on the same day that it was previously captured 
was not counted as a recap ture and was immediately returned 
to the river in the locat ion where it was recaptured. 
All whitefish recaptures made during the study are 
included in Figure 8 . In the first five sections of the 
study area the location of recapture of a given fish is 
strongly dependent on the location at which it was previously 
captured. In sections 6, 7 and 8 this relationship was not 
nearly as strong. The physica l nature of the river here is 
quite homogenous and potential barriers to extensive or even 
random moveme nts such as fast currents, riffles , or log jams 
were not present . The fish here are readily able to move 
between sections and in fact may of necessity be forced to 
move between sections in search of food. Several studies 
have shown that mountain whitefish are generally located in 
good pool areas that have an abundance of benthic fauna 
(Fleener, 1 95 1; Sigler, l95lb; Godfrey, 1955). 'l'he lower 
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sections of the study area do not meet these criteria . 
Erman (1968) found a progressive downstream decrease in 
numbe r and vo lume of invertebrates in the study area and 
concluded that this was a function of decreased current 
ve l ocity and substrat e changes. 
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The con cept of a home range related to distinct 
physical characteristics of the river should a lso be con-
sidered as a factor limiting movement in the upper reaches 
of the study area . Gerking (1950 , 1953), in a detailed 
study of fish movements in Richland Creek , Ind i ana found 
that several species of centrarchids and one catastomid , 
the hog sucker, had definite home r anges from which even 
high water did not dislodge them . He also found that , in 
general , riffles were r espected as boundaries t o home 
ranges . Thus in the upper sections of the study area 
movements would be less likely to occur due to the numerous 
distinct riffles and pool s present in this area. 
Seasona l movement pattern s of recaptured carp in the 
Logan River during 1970 and 1971 are shown in Figure 9 . 
Carp movements duri ng Ju ly and Augus t of 1970 appear ed 
to be related to size and flow rates. The mean weight of 
upstream migrants during this period was 605 grams . Down-
stream migrants had a mean weight of 793 grams . Recaptured 
carp not moving during this period had a mean weight of 
1198 grams. It appears that the sma lle r carp moved up into 
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the study area as flow rates decreased following the 
spring runoff. It is conceivable that they were displaced 
downstream with the high water in May and June and moved 
back into the area as flow rates declined. During the low 
water period of 1971 the differences in weights of migrant 
and non migrant carp were not as great. In Augus t and 
September the mean weights of downstream migrants was 1000 
gramJ ; t>pstream migrants had a mean weight of 1220 grams . 
Apparent nonmigrants had a mean weight of 1207 grams . The 
downstream movement (presumab l y out of the study area) of 
the smal ler fish and upstream movement of the larger would 
account for the observed increase in mean individual we ight 
of the fish during the fa ll of 1971. 
Carp fry and fingerlings were seldom encountered in 
the study a r ea s uggesting that spawning and/or s urviva l was 
limited in t his portion of the Logan River . Carp fry were 
extremely abundant however in the Littl e Bear River Marsh, 
into whic h the Logan River flows, i nd i cat ing the availability 
of suitable spawning habitat. Some of the downst ream move-
ment of carp in the spring cou l d probably be a ttributed to a 
spawning migration into the marsh. A limited amount of 
downstream movement was evident i n March 1971, prior to the 
onset of the spring runoff. In both 1 970 and 1971 the r e was 
an evident downstre am movement during the fa ll mon ths. 
The movement patterns of recaptured carp fo llowing 
their release are shown in Table 1 9 . As was observed in the 
63 
Table 19. Movement pattern of recaptured carp following 
release. 
Days since Total % recaptures moving 
previous capture Number Upstream None Downstream H 
1-10 14 0 42.8 57.2 . 5672 
ll-20 12 25.0 50 . 0 25.0 . 580 1 
21-30 31 6 .4 80.8 12.8 .6620 
Over 30 l16 ll.2 19.2 19.6 .4058 
All collections a 17 2 10.4 68 .2 21.4 . 3783 
1970 -1 971 
aTotal does not include fish moving in and out of 
7-Mile Creek. 
whitefish, an initial downstream movement was evident in 
the first 10 days following release. The relatively high 
percentage of downstream migrants in the first 10 day 
interval following capture again probably reflects a 
response to the handling and collection procedure. The 
strength of the relationship between l ocation of previous 
capture and recapture location as indicated by H is moder-
ately high in the first three intervals. The probable 
influence of seasonal movements is reflected in the l ower 
H values recorded for periods over 30 days and all collec-
tions combined. 
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Figure 10 shows the distribution of all carp recaptures 
in the study area during 1 970 and 1971. The grouping of 
recaptures reflects the relative distribution and ove r a ll 
movement pattern of carp in the study area. 
Although carp were very abundant in 7-Mile Creek they 
were not recaptured there in great numbers. This was in 
part due to the short stretch of 7-Mile routinely sampled 
and the apparent exchange of fish between it and the Logan 
River . Although an equal number of recaptures had moved in 
and out of 7-Mi l e Creek , it is like l y that the large number 
of fish tagged (405) in 7-Mile Creek moved upstream out of 
the collection area resulting in the relatively low 
recapture rate in this section. 
When examining carp movement in the river it is of 
interest to consider two indi vidual fish encountered during 
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the study . On August 31, 1970 a carp was collected in 
section 7 which h ad been tagged on July 9, 1964 by the 
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Utah Division of Natural Resources just south of the Valley 
View Highway bridge. The distance between the two points 
is approx imate ly 8 kilometers . 
In October 1971, a dart tagged carp was observed in a 
marshy area of a spring run tributary to the Little Bear 
River near the town of Wellsvil l e, Utah . This fish appar-
e ntly moved down the Logan River to its confluence with the 
Little Bear a nd from there up the Little Bear to the spring 
run, a total distance of approximately 18 kilometers . An 
unsuccessful attempt was made to capture this fish by 
electrofishing the entire spring run in which it was 
observed . Funk (1955) referred to movement of the type 
exhibited by this fish as complex (down one stream and up 
the other) a nd found a small percentage of carp (7.8%) in 
Missouri streams making this type of movement . He also 
concluded that carp adapt their movements to the physica l 
conditions of the habitat and that they were mostly seden-
tary in stable habitats but predominately mobile in habitats 
subject to flooding . He r eported movement upstream and 
downstream to be nearly equal, suggesting that the carp has 
no cons isten t pattern of movement but r esponds directly to 
local variations in h abi tat. 
Brown Trout 
The move ment of brown trout in the study area in 19 70 
and 1971 is shown in Figure 11. Very little movement was 
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appar e nt during the summer and fal l of 1970 reflecting the 
low water levels at these times . During the summer of 
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1971 movements were predominately downstream, however, in 
October movements were entirely upstream followed by an 
apparent downstream return in November. This peak in 
upstream movement corresponds to the spawning season of the 
brown trout. Several authors have noted upstream migra-
tions of brown trout during the spawning season (Shuck, 
1943; Stefanich, 1951; Ball and Jones, 1960). Bridges and 
Neuhold (1968) found that movement of brown trout in the 
canyon section of the Logan River peaked in October . Move-
ments at this time were predominately downstream , the reason 
for this being attributed to limited available spawning 
habitat in a tributary of the main river which forced the 
resident fish here to move downstream into the river proper. 
A direct comparison with Matthews' (1966) brown trout 
movement data is possible. Again , his sections I, II, and 
III are comparable to section 1, 2 and 3; 4 and 5; and 6, 7 
and 8 of the present study . By examining the re l ationship 
of location of recapture to location of previous capture in 
these three main sections using White's H (Table 20) it is 
possible to obtain some indication of the extent of overal l 
movement within the population before and after the abate-
ment of the sewage discharge. Consider again that . 3333 is 
the minimum H value possible in a 3 x 3 contingency table. 
The value of .5682 for Matthews ' data would indicate a 
Table 20. Brown trout collections in the study area in 1965-1966 and 1970 - 1971 
showing recapture l ocation and number recaptured . 1965 - 1966 data from 
Matthews (196 6) . 
Q) III 
1-< <: 
:::> 0 
+'·.-< II 0.+' 
l1l l1l 
u u I Q) 0 
~.-i 
1965- 1966 
2 I 2 4 
3 l 21 3 
32 I 4 0 
I II III 
Location of previous 
capture 
N 
H 
71 
.5682 
Q) 6-7-8 
1-< <: 
:::> 0 
..., ·.-< 4 - 5 0.+' 
l1l l1l 
u u 1 - 2-3 Q) 0 
~.-i 
1970-1971 
2 3 2 
1 3 0 
80 
' __ 2_1 1 
1-2-3 4 - 5 6- 7-8 
Location of previous 
capture 
N 
H 
94 
. 7664 
"' <D 
moderately strong r e lationship between the t wo variables 
in 1965-1966 suggesting limited overall movement within 
the population . Matthews suggested that the movement that 
did occur (downstream in the spring, upstream in the 
summer) was due to improved water quality below the con-
fluence of 7-Mile during the spring runoff and decreased 
water quality in the summer below 7-Mile as water l evels 
dropped. 
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An H value of .7664 was obtained in the p resent study 
indicating a relatively strong relationship between loca-
tion of capture and location of previous capture. This 
would suggest that only a s mall amount of movement is 
occurring in the brown trout popu l ation . Most of the 
movement that did occur was probably related to spawning 
activity . The apparent limited overall movement of the 
brown trout could be a reflection of the improved wa ter 
quality of the river, particularly below 7-Mile Creek. Now 
that sewage is no longer discharged into the river, fish 
that move into the area below 7-Mile Creek may not be forced 
to move out of this area in response to intolerable water 
qua lity conditions . (Only one brown trout recaptured during 
the study moved upstream past the mouth of 7-Mile Creek.) 
The small number of brown trout below 7-Mile Creek and the 
resultant small return of marked fish in this area limits a 
more rigorous interpretation of apparent movement patterns 
in this section . It is likely however that the improved 
wa t e r quality below 7- Mile Creek has less of an adverse 
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affect on both vertebrate and invertebrate forage organisms 
of the brown trout making the river more suitable for trout 
habitation than in the past . 
Of 73 fish recaptured in the study area in 1 965 - 1966 
by Matthews , 79.1 percent were recaptured in the station of 
marking and re l ease . Seven fish (9.6%) were recaptured 
upstream and nine fish (12.3%) were recaptured downstream 
from the station of release. In 1970-1971 the comparable 
percentages were 3.2 percent recaptured upstream; 90.4 
percent recaptured in location of marking and 6 .4 percent 
recaptured downstream , further reflecting an apparent 
reduced overall movement of brown trout in the study area. 
These patterns were tested for independence and found 
to be significant at the 90 percent confidence level 
(Table 21) . 
The numbers and location of all brown trout recaptures 
made in 1970-1971-1972 and their location of previous 
capture are shovm in Figure 12. 
The movement patterns of brown trout following release 
are shown in Table 22, An initial downstream displacement 
was evident in the first ten day period following capture 
and release. In the 11 to 30 day period following release 
upstream movement predominated. The general movement 
pattern shown by the brown trout was similar to that 
observed ~n the \vhitefish and carp with an overall tendency 
toward downstream movement in a small percentage of the fish. 
Table 21. Movement of recaptured brown trout (%) in the 
study area during 1965-1966 and 1970-1971. In 
a t est for independence x" = 5.81 (tabular 
x 212 ,.10) = 4.61). 
Percent moving 
Year Upstream None Downstream 
1965-1966 9.6 79.1 12.3 
1970-1971 3.2 90.4 6.4 
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Table 22. Movement patterns of brown trout following 
release. 
Days since Total Percent Moving 
previous capture number Upstream None Downstream H 
1-10 19 5.3 73.7 21.0 .6421 
ll-20 19 15.8 73 . 7 10.5 . 624 4 
21- 30 14 14.3 85 .7 0.0 .7902 
over 30 42 9.1 72.7 18 . 2 .5381 
All collections 94 9 . 7 72.2 16.1 .5050 
Again this is probably a reflection of the collection 
technique rather than a directed movement on the part of 
the fish . 
Utah sucker 
Information concerning the movement of Utah suckers 
in the study area is unfortunately very limited. Of 691 
suckers marked during the study, only 20 or 2.8 percent 
were recaptured. The distribution of location of these 
recaptures is shown in Figure 13. 
In spite of the low r ecapture rate, the H value for 
the two years of the study was . 3986 (Table 23) indicating 
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a fair relationship between recapture location and location 
of previous capture. The low recapture rate might sugges t 
extensive movement of suckers out of the study area, 
however the H va lue obtained would indicate that those fish 
which were recaptured demonstrated only limited movement. 
Another possibility wh i ch was supported by field observa-
tions is a high mortality among the suckers during the 
electrofishing operation . The suckers, more than any other 
species collected , appeared to be highly suscept i ble to 
physical injury when u sing the alternating current generator. 
Smith et al . (1946) reported shocking mortalities in a 
slos ely related species, the white sucker , Catostomous 
c omme r so n i when using alternating current . 
Any fish collected which was under extr eme stress was 
not released. Most of these fish when examined by dissection 
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Table 23 . Movement patterns of Utah suckers following 
release. 
Days since 
previous capture 
l -1 0 
ll-20 
21-30 
Over 30 
All collec tions 
aNot calculated 
Total Percent Mov ing 
number Upstream None Dow~n~s~t~r~e~a~m~ 
6 50 16.6 33 .3 
2 50 0 . 0 50.0 
4 25 0.0 75.0 
5 60 20 20 
17 41.1 17.8 41.1 
due to inadequate sample size . 
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H 
a 
a 
a 
a 
.3986 
revealed extensive internal hemorrhaging along the back 
bone invariably associated with a broken and sometimes 
shattered vertebral column. It is suspected that many of 
the fish released had suffered some degree of injury which 
was not immediately apparent but resulted in their death 
following re l ease. This would in part account for the low 
recapture rate . 
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Of the recaptured fish, equal numbers (7) had moved 
upstream and downstream from their previou s capture l oca-
tion. Three had moved out of 7-Hile Creek , two upstream to 
sections 2 and 3 and one downstream to section 6 , immedi-
ately be l ow the conf l uence of 7- Hile Creek and the Logan 
River . The re l ative movement patterns of recaptured suckers 
are shown in Figure 13. 
The amount of information available in the literature 
concerning the movement of non-game fish in rivers is very 
limited . Stefanich (1951) , in a Montana stream physically 
similar to the Logan River, reported a recapture rate of 
tagged white and long nose suckers of 4.5 percent . Onl y two 
of 35 fish recaptured had moved out of the 600 foot sections 
in which they had been tagged . He did note a drastic reduc -
tion of suckers in the summer suggesting a mass exodus of 
these species out of the study stream but gave no reason for 
this observed movement. 
Rainbow Trout 
Rainbow trout were seldom found in the study area in 
1 970 . Of 1 2 fish tagged during this year only one was 
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recaptured. Nine of the 12 were captured above the con-
fluence of 7-Mile Creek. In 1971 rainbows were more 
abundant and were collected in all sections of the study 
area. The distribution and location of all recaptures made 
in both years are shown in Figure 14. 
Based on the report of Bangeter (1965) and interviews 
of long time residents of the area along the river, rainbow 
trout have never been abundant in the study area. 
It is suspected that the g reater number of rainbows in 
the river in 1971 was the result of the high spring runoff. 
These fish apparently moved downstream from upper reaches 
of the river. Once in the study area they demonstrated 
very little movement. If they moved at all it was most 
often in an upstream direction. The calculated H value for 
all rainbm~ trout recaptured was . 6440 . 
Movement of other species 
Bullheads and green sunfish were not commonly found in 
the Logan River above 7-Mile Creek but were relatively 
abundant in 7-Mile Creek and in the river below the con-
fluence of the two streams. 'I'heir respective distributions 
were essentially alike in 1970 and 1971 and both appeared to 
favor turbid sections of the study area with slow current 
and si lt or mud bottoms. 
Nine black bullheads were recaptured during the course 
of the study. None were r ecaptured out of the location in 
which they were initially tagged. One recapture was made in 
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section eight and all others in 7-Mile Creek. In a c l ose l y 
r e l ated spec ies, the ye llow b ullhead , Funk (1955) found 
very limited movement and classed the species as "sedentary." 
Of 53 green sunfish t agged , six wer e r ecaptured. Five 
were recaptured in 7-Mile Creek , the location of their 
initial tagging and one was r ecaptured in section six after 
having moved downstream out of 7 - Mi le Creek . Limited move-
ment and the establi shment of distinct home r anges in green 
s unfish have been demonstrated in other studies of stream 
fishes (Gerking , 1953 ; Funk , 1955) . 
Three cutthroat t rout were r ecaptured in the study area . 
One was t agged and r ecaptured in sect ion 2 and one moved from 
section 6 upstream into 7-Mi l e Creek. The third fish was 
recaptured twice , moving upstr eam from section 7 t o 6 and 
from 6 to 5. 
Non e of the t e n o t her species marked during the study 
were recaptured. 
Age and Growth Studies 
Whitefish 
Ca l c ulated total lengths of whitefish at each annulus 
are shown in Table 24. Growth rates in the s tudy a r e a appear 
to have improved since Matthews ' s tudy in 1966. Ca l culated 
l eng t hs were consistently l arger , at l eas t in their first 
five year s of life , than those r eported by Matthews . Growth 
was simi lar to that r eported by Si g ler (l 95 l b ) for the canyon 
Table 24. Mean calculated total lengths and increments of growth of 1605 mountain 
whitefish collected in the study area of the Logan River , July 1971 -
October, 1971 . 
Age Number of Total l ength Annu l us 
class fish at capture 2 3 5 
I 680 176 125 
II 303 234 1 29 213 
III 252 277 131 213 274 
IV 222 309 130 213 278 311 
v 114 329 130 209 272 310 336 
VI 34 340 124 200 262 308 335 
Gr and average 12 8 212 274 310 336 
Average annual increments 128 82 63 36 2 7 
Numbe r r eaching age 1 605 926 623 371 1 49 
354 
354 
19 
35 
00 
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portion of the Logan River . A comparison of growth curves 
from the present study and from Matthews ' and Sigler ' s 
studies are shown in Figure 15 . 
Length-weight relationships varied considerably due 
to seasona l we i ght changes which were also reflected in 
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the mean monthly condition (K) factors (Table 25). Condi-
tion factors in 1970 declined steadi l y to low levels during 
the summer months reflecting conditions for poor growth at 
that time. A distinct increase in condition was noted in 
October and November of 1970. This was very likely caused 
by the influx of heavier fish from above the diversion dam 
which was r emoved from the river in September . The added 
plumpness of prespawning fish also contribute d to the higher 
K factors in this g roup . After November , condition factors 
again declined until February when they began to increase , 
reaching a peak in July. (Monthly grmvth rates sugges t 
that K was probab l y at its highest level in May and the July 
value of 1.160 was not the highest level attained . ) 
Growth rates of some individual year classes declined 
slightly during the summer and early fal l of 1970 but 
declined sharply and steadily from July through November in 
the four oldest year classes during 1971 (Figure 16). The 
0 and I age classes did not show this distinct decline in 
weight but rather demonstrated no growth or on l y a very 
slight increase in weight . These somewhat unexpected growth 
patterns appea r to be related to the avai lability of 
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Table 25 . Length-weight relationships and mean condition 
factors. (KTL) of mountain whitefish in the 
Logan Rl.ver . Leng th-weight relations are 
expressed logarithmically in the form log 
(weight) = a + b log (length). 
Condition 
Intercept Slope Correlation factor 
Date n (a) (b) coefficient (K) 
June 1970 107 - 4 . 423 2 . 773 . 961 1. 064 
July 214 - 5 . 227 3.095 . 986 1. 014 
Aug. 5 1 - 5 . 726 3 . 283 .959 .927 
Sept . 16 - 5 . 657 3 . 243 . 990 .878 
Oct. 80 - 5 . 442 3 . 184 . 988 1. 025 
Nov . 5 - 3 . 351 2 . 314 .989 1. 015 
Feb. 1970 69 -4. 510 2.793 .969 . 938 
Mar. 65 -2 . 931 2 . 161 .895 . 948 
July 545 -4 . 626 2 . 870 . 973 1.160 
Aug. 536 - 4 .7 51 2.908 . 954 1.102 
Sept . 16 8 - 5.165 3 .07 5 .9 84 1. 04 1 
Oct. 19 3 -4.926 2 . 972 . 98 1 1. 024 
Nov. 24 - 4.807 2 . 915 . 963 . 970 
Jan . 1972 17 -4. 260 2.694 .894 . 920 
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invertebrate forage organisms during the summer and fall 
months. Erman (1968), in a study of the inver tebrate 
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fauna in the lower Logan River, found the biomass of 
invertebrates in July to be less than one tenth what it was 
in February. Hynes (1970) describes seasonal fluctuations 
in stream invertebrate biomass similar to those reported by 
Erman. Following the low l evels of available forage in the 
summer and fall it is possible that temperature becomes 
limiting to growth , further reducing the likelihood of 
positive growth rates. McHugh (1941) lists food and temper-
ature as two important factors affecting the growth rate of 
whitefish. That the two smallest age classes did not 
demonstrate negative growth rates during the summer like ly 
reflects their ability to maintain themselves on the small 
ear l y instars of insects available at this time . Laakso 
(1950) reported that fingerling whitefish used the same food 
organisms as did adults but consumed smaller numbers and 
sizes. A thorough discussion of food size-density require-
ments of fish can be found in Ivlev (1 961). 
To compare years of relative l y good and poor growth 
rates in the whitefish population, gro1vth data from the 
present study were combined with those from Matthews (1966). 
This resulted in a continuous record of ca lculated g rowth 
rates of whitefish from 1958 through 1970. It should be 
pointed out that the fish used from both studies came from 
throughout the study area rather than from either above or 
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be low 7-Mile Creek. Matthews' standard length measurements 
were converted to total leng th using his conversion formula 
(T.L. = S .L. x 1.22 703) to obtain lengths comparable to the 
present data. The mean annual growth increments, excluding 
g rowth in the first year of life , were calculated for the 
e ntire period. Deviations from the mean growth increment 
are plotted in Figure 17. The general upward trend in 
growth from 1961, which essentially continues through the 
last few year s of Matthews ' data and the first of the 
present study, would seem to s upport the validation of both 
growth studies. 
Since 1965 it appears that the mean annual deviations 
in growth are more predictable than they we re prior to this 
time. It is conceivab le that the large fluctuations in 
growth in the early GO ' s were r e l ated to the sewage dis-
charge in the river, however conside ring the distribution 
of whitefish in the river at that time (based on Matthews ' 
s tudy ) and the mobile nature of the species , the cause and 
e ff ect relationships here are di fficult t o define . 
Mean ca lculated total l e ngths of 159 carp collected 
in the study area during January and February 1972 are 
shown in Table 26. 
Growth rates of carp in the s tudy area are considerab l y 
lower than those reported fo r most other carp populations. 
A comparison of growth curves from three other Utah 
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Table 26 . Mean ca l culated total lengths of 159 carp collected in Logan River during 
January and February 1972 . 
Mean TL Age Age at 
Class No Cap ture I II III IV v VI VII VIII IX X XI XII XIII XIV XV XVI XVII 
I 
II 
III 
IV 1 323 14 1 236 283 310 
v 7 448 157 269 317 376 412 
VI 15 464 17 3 244 318 366 408 438 
VII 17 434 152 217 269 310 346 381 411 
VIII 22 468 1 51 229 287 330 368 40 0 427 450 
IX 24 491 147 212 272 315 359 400 420 453 473 
X 25 499 157 220 271 314 349 381 410 436 462 482 
XI 20 509 158 210 253 296 332 364 394 425 450 471 495 
XII 11 530 156 218 259 295 329 36 3 387 425 449'472 494 51 3 
XIII 6 515 150 191 228 262 309 330 356 392 41 1 437 463 481 503 
XIV 3 533 155 203 248 278 308 324 340 373 400 42 8 456 475 493 514 
XV 3 553 175 220 259 290 332 359 381 40 8 430 448 470 488 506 531 545 
XVI 2 555 177 21 2 248 276 311 333 368 386 407 434 467 488 509 520 532 548 
XVII 3 5 49 137 1 29 221 244 264 305 329 357 383 401 429 452 470 490 5 05 522 536 
Grand Ave r age 156 219 267 304 340 365 384 411 429 447 46 8 485 496 514 527 535 536 
Aver age Annual 
Increment 156 63 48 37 36 25 1 9 27 1 8 18 21 1 5 1 3 1 8 1 3 8 1 
Numbe r of Fish 
Reaching Age 1 5 9 1 59 1 59 1 59 158 151 136 11 9 97 7 3 48 28 17 11 8 5 3 
\D 
0 
populations is shown in Figure 1 8 . Growth of carp in Bear 
Lake, which is considered marginal habitat for carp 
(McConnell et al., 1 957) , is exceeded by growth of Logan 
River carp only during the first five years of li fe. 
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Beyond five years , growth in the lake exceeds that in the 
river . Sig l e r (1958) reported growth of carp in Cache 
Va lley ponds as being nearly identical to that in Bear Lake. 
The poor growth of carp in the rive r was further 
reflected in a tagged carp col l ected on August 31, 1 970 . 
This fish had originally been tagged in the Logan River by 
the Utah Division of Wildlife Resources on Jul y 9, 1 964 
just south of the Valley View Bridge. Its total length and 
weight a t that time were 500 millimeters and 1 600 grams. 
Its age was es timated at ten years (Bangerter , 1970). When 
recaptured in 1970 its total length was 515 millimeters and 
it weighed 1 595 g r ams. It demonstrated virtually no growth 
during the previous six year period . 
Deviations from the mean annual growth increment are 
shown in Figure 1 9 for the years 1959 to 1971 . It is tempt-
ing to attribute the poorer growth after 19 67 to the abate-
ment of the sewage discha rge in the ri ver. Of al l the fish 
co llected during the study the carp is probab l y the most 
adept at l iving (and actually thriving) in a polluted 
environment such as existed below 7-Mile Creek prior to 1968 . 
Because of its ability to do well in such a situation , 
elimination of the sewage effluent could very possibly have 
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reduced the total energy available to the carp population 
causing the decreased growth observed . 
In other species examined in this manner, deviations 
in growth after 1967 were not as pronounced. Whitefish 
94 
and brown trout demonstrated improved growth after 1967 
while sucker growth was variable. Since the sucker is more 
closely related to the carp from a functional standpoint 
than the other two species, its observed growth patterns 
after the sewage abatement might lend some additional 
credence to the hypothesis that carp growth was reduced as 
a result of the sewage abatement. 
Although carp exhibited slow growth rates, their con-
dition factors were not particularly low, ranging from 
1.248 to 1.593 (Table 27) . 
In 1970 condition factors above 7-Mile Creek were 
significantly higher than below (t-test at 95 percent 
confidence level). Several investigators have concluded 
that population density is the most significant factor con -
trolling growth in fish (Beckman, 1941; Grice, 1957). 
Average annual standing crops of carp in the Logan River 
above and below 7-Mile Creek were 109 1 kg/ha and 760 kg/ha 
respectively. These densities are both greater than the 
maximum of about 600 kg/ha reported for North American lakes 
and reservoirs by Carlander (1955) . 
In a study on the bear River , Utah , Robel (1962) found 
weight increases in pen held carp to be negatively correlated 
Table 27 . Length weight relationship and condition factors of carp in the Logan 
River 1970-1971. 
Number of Intercept Slope Correlation Mean condition 
Month fish (a) (b) coefficient factor 
Above 7-Mile Creek 
June 1970 30 - 3 . 647 2.541 .941 l. 365 
July 235 - 3 . 864 2. 611 .971 l. 335 
Aug . 259 -4. 318 2.745 .988 l. 294 
Sept. 16 - 3.751 2.58 0 .978 l. 320 
Oct . 34 - 4 .1 05 2 . 705 . 986 l. 291 
Feb. 1971 75 
- 4.058 2.686 . 940 l. 275 
Mar . 23 
- 4 . 293 2 . 776 . 983 l. 273 
July 110 
- 4 .2 33 2 . 769 . 934 l. 438 
Aug. 242 
- 4 . 424 2.831 . 990 l. 375 
Sept. 64 
- 3.349 2.427 .843 l. 353 Oct. 21 
- 4 .5 28 2. 877 . 993 l. 423 
Below 7-Mile Creek 
July 157 
- 4.36 1 2.794 . 989 l. 267 
Aug . 63 
- 4.449 2 . 847 . 998 l. 304 
Sept. 53 - 4.216 2.734 . 994 l. 258 
Nov . 48 
- 3.265 2 . 391 . 956 l. 248 
July 1971 75 
- 3 . 632 2 . 533 . 893 l. 406 
Aug . 1 28 - 4 . 620 2 . 900 . 980 l. 324 
Sept. 1 8 - 4 . 744 2 . 951 . 989 l. 354 
Oct . 20 
- 5 . 20 1 3.121 .9 83 l. 337 
7-Mile Creek 
June 1970 75 
- 3 .7 49 2.567 . 977 l. 593 
July 1971 117 Not calculated 
- l. 491 
Aug . 85 - 4 .7 00 2.93 6 .997 l. 387 
Sept. 33 - 4 . 579 2.889 . 993 l. 37 9 
Oct . 15 Not calcu l ated - 1. 351 
1.0 
U1 
with population density. His stocking densities were 224 
kg/ha , 448 kg/ha and 672 kg/ha . 
Condition factors both above and below 7 - Mile Creek 
were significantly higher in 1 971 than in 1970 suggesting 
that even carp, which are generally readily adaptable to 
rigorous habitat conditions, were adverse l y affected by 
the low flow rates in 1970. 
The low growth rates of carp in the Logan river may 
96 
be attributed in part to the dense population present. The 
low flows periodically encountered would also appear to 
contribute to the reduced growth by crowding the fish during 
these per iods. This general ly occurs coincidentally with a 
temperature regime which would seemi ng l y favor rapid growth. 
However, add to this the cyclic pattern in invertebrate 
forage density with lowest levels occurring during the low 
f l ow periods and the population densi t y - food density factors 
become confounded with the resulting minimal growth observed. 
Brown trout 
Growth rates of brown trout in the study area during 
1970-1971 were greater than those reported by Sig l er (1 95 la) 
for the canyon portion of the Logan River , and during the 
first two years of life , were greater than in several other 
brown trout growth studies summarized by Carlander (1969) . 
Growth rates s lowed however in the older year classes and 
the calcu l ated length of five year old f i sh were considerably 
less than the minimum mean length reported for several other 
studies . Mean calculated total lengths and annual 
increments of growth are presented in Table 28. Growth 
curves of brown trout in the study area are compared with 
those from other habitats in Figure 20. 
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The seasonal variations in the length-weight relation-
ships and condition are shown in Table 29 . The variations 
in condition factor are almost identical to those seen in 
the whitef ish population with declines throughout the 
summer and fall and a peak in the spring. Again, as was 
observed in the whitefish, weight losses in the summer 
months were most pronounced in the older and larger fish 
(Figure 21). One and two year old fish appear to grow 
primarily during the spring. In 1 97 1 these first two age 
classes demonstrated essentially no growth from July through 
December. 
The age 3+ trout showed a decided drop in mean weight 
during July and August in both years . Examination of mean 
lengths of these same fish also showed a slight decline 
during this time period, being less pronounced in 1970 than 
in 1971. This suggests that movement in or out of the study 
area was occurring. It would appear at first that movement 
of the larger individuals of these year classes out of the 
study area was causing the decreasing mean weights. Analysis 
of variance of the weights of all brown trout recaptured 
during this period however indicated no significant differ-
ence in weigh ts of upstream, downstream or nonmigrants . Only 
Table 28. Mean calculated total lengths and annual increments of growth of 432 
brown trout collected in the study area of the Logan River, 1970-1971. 
Age Number of Total mean length 
clas s fish at capture 1 2 3 4 5 
I 145 223 150 
II 167 293 142 226 
III 95 342 136 212 279 
I V 23 369 136 207 271 319 
v 2 439 121 196 269 318 358 
Grand average 143 220 278 319 358 
Average annual increment 137 77 58 41 39 
Number reaching age 432 287 120 25 2 
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Table 29. Length weight relationships and condition factors of brown trout in the 
Logan River 1970-197 1. 
Condition 
Number of Intercept Slope Correlation factor Month fish (a) (b) coefficient (K) 
June 197 0 7 - 3 . 969 2.605 .941 1.180 July 65 
-5. 298 3 . 127 . 994 l. 031 August 65 
-5. 381 3 .1 62 . 993 l. 020 
September 2 
- . 974 
October 4 -4. 477 2 .7 67 . 967 .933 
Jan.-Feb .l9 7l 11 - 2 . 942 2.152 . 786 l. 01 5 
March 7 - 3 .77 0 2 .487 . 993 . 866 
July 99 - 5 . 005 3.043 . 980 l. 283 
August 1 44 
- 5 . 369 3.176 . 984 1.168 
September 32 
- 6.104 3.463 . 945 l. 088 October 25 
-5.297 3 .1 26 .993 l. 026 
Novewber 5 - 6. 15 8 3.433 . 914 .91 6 
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14.6 percent of the fis h which had been tagged and 
recaptured during t his period had pos i tive instantaneous 
growth rates while 78.0 per cent had nega tive insta ntaneous 
g r owth rates. 
The detrimental ef f ec t s of the tag might be suspect 
here as the cause of the decreased growth rates. A compari-
son of l eng th weight reg ress ion lines for fish t agged f rom 
1-10, 11-20, 21-30 and over thirty days r espective l y with 
unt agged fish collected during the same time period indicated 
no significant differences in the length-weight relationship 
at any time indicating that adverse e f fects of the tage were 
not signifi can t in affecting g rowth rates . It therefor e 
appears that movement in and out of the study area and 
negative growth were confounded dur ing July , August and 
September causing the d r op in mean weight of the 3+ aged 
brown trout observed. 
The age l and 2 b r own trout, a l though not declining in 
weigh t during the summer of 1 97 1 , a lso did not grow during 
this period s uggesting marginal habitat conditions a t this 
time . 
During 1970 the poor growth during the summer was 
p r obab l y due to three factors interacting: high water 
temperatures , a decline in insect forage organisms and poor 
wa t er quality . During 1971 wa t er t emper a tures were near 
optimal for growth and the modera t e l y high f low rates con-
tributed t o a f airly "good" water quality . A dec line in the 
103 
insect forage base at this time due to emergence appears 
to be the most l ikely explanation for the depressed growth 
during the summer of 1971. 
The deviation from the mean annual growth increment 
are shown in Figure 22. In spite of the small number of 
year classes found in the river a distinct increasing trend 
in growth is evident since 1966 possibly suggesting 
generally improved habitat conditions since that time. 
Utah sucker 
Very little is known about the life history of the 
Utah sucker. Ear l y studies of the fish were concerned 
primari l y with the taxonomic classification of the species 
(Cope and Yarrow, 1875; Jordan, 1875; Jordan and Gilbert, 
1881; Tanner , 1936). Simon (1946) and Mil ler (1952) comment 
briefly on the spawning behavior and habitat preference of 
the species but it was not until the work of McConne ll 
et al. (1957) on Bear Lake, Utah that age, growth and other 
parameters were studied in a specific population. In this 
study scales were assumed to be reliable indicators of age 
and growth. In studies oi closely related suckers, several 
other investigators have shown that scales we r e reliable and 
useful in determining age and growth relationships (Hayes, 
19 56; Parker, 1958). In the present study there was no 
reason to believe that scales wou ld be less reliable. A 
fairly uniform r e lationship existed between anterior scale 
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Figure 22 . Deviations from mean annual growth increment of 
brown trout in the Logan River from 19 67 to 1 970 . 
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radius and total l ength and the number of annuli increased 
regu l a rly with an increase in size of the fish. Any scale 
on which annuli were not c l ear ly evident was discarded. 
For these r easons it was fe lt that sucke r ages were 
correctly i dentified. The c alculated total l e ng ths of 
suckers in the s tudy a r ea at each annulus are shown in 
Table 30. 
A comparison of the g r owth curves of fish from Bear 
Lake and the study area is shown in Figure 23 . Growth rate 
of suckers in the Logan Ri ver appears to be quite good. 
Seasona l f luctuations in condition fac t or are evident 
{Table 31) which are strikingly similar to those shown by 
the whi tefish and brown trout with the characteristic 
decl ine during the summer months and increase during the 
fall a nd winter. The mean condition factor above 7-Mile 
Creek in 1971 was significantly higher than in 1970. Below 
7-Mile Creek the difference was not significant {t-test at 
95 percent confidence l evel) . This wou ld seem t o suggest 
that the affects of reduced f low a nd the associated degrada-
tion of sucker habitat above 7-Mile Creek was more severe in 
this area than be low. The lower r egion of the river is 
larger and more uniform and c hanges in water depth and 
veloci t y associated with seasona l flow patterns would not be 
l ike ly to cause great changes in the overall habitat. Thi s 
contention is supported in part by the work of Katz and 
Howard {195 4 ) in Lyt le Cr eek, Ohio, in which they found the 
Table 30 . Mean calculated total l engths of 208 Utah suckers colle cted in the study 
area of the Logan Ri ver during· 1971. 
Age Number of Total length 
class fish at capture 1 2 3 4 5 6 7 8 9 
-
I 6 141 1 01 
II 4 226 106 19 4 
III 3 296 111 294 314 
IV 1 5 386 97 202 312 392 
v 36 406 95 191 290 369 421 
VI 54 411 88 1 66 262 343 400 4 33 
VII 52 441 88 1 62 258 336 391 426 448 
VIII 28 460 93 1 79 260 329 380 420 447 464 
IX 1 0 480 99 165 258 346 399 435 45 4 470 47 9 
Grand average 92 176 270 348 398 428 4 49 466 480 
Annua l increment 92 84 94 79 54 35 24 17 1 0 
Numbe r r eaching age 208 20 2 1 98 195 1 80 144 90 38 1 0 
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Table 31. Length- we i ght r e lationship and condition factor s of Utah suckers in the 
Logan Rive r 1 97 0-1 97 1 . 
Number of Intercept Sl ope Corre l ation Mean condition 
Month fish (a) (b) coefficient f actor (KTL) 
ove 7 M11e Creek 
June 197 0 23 - 4 . 779 2.95 3 . 928 1. 253 
July 74 -4. 982 3.024 .97 6 1. 224 
Aug . 44 - 4.887 2.976 .9 99 1.1 57 
Sept . 2 No t calculated - 1.193 
Oct. 27 - 5.140 3.083 . 977 1. 212 
Feb . 1 971 36 - 5 . 870 3.367 . 964 1. 301 
Mar. 8 - 3 .173 2.37 3 . 963 1. 368 
July 1 9 - 5 . 698 3 . 309 . 939 1. 383 
Au g . 73 -4 . 395 2 . 784 . 9 84 1. 555 
Sept . 49 - 5 . 309 3 . 14 9 . 994 1. 218 
Oct . 20 - 4 . 98 1 3. 032 .9 89 1. 295 
Below 7- Mile Creek 
Jul y 1 97 0 2 8 - 5 . 091 3 . 068 . 998 1. 216 
Aug . 69 - 4 . 777 2 . 939 . 967 1.157 
Sept . 1 3 -4 . 744 2. 908 . 941 1. 060 
Nov . 11 -5 .677 3 . 279 . 978 1.173 
July 1 97 1 2 Not calculated - 1. 283 
Aug. 32 - 4 . 516 2 . 852 . 940 1. 24 7 
Sept. 7 - 4 . 937 2 . 993 .93 9 1.114 
Oct . 6 - 3.800 2 . 574 .9 92 1.1 88 
7-Mi le Creek 
June 1~ 11 - 4 . 7 35 2. 933 .99 9 1. 256 
July 1 97 1 7 - 5 . 239 3 . 131 . 999 1.199 
Aug . 22 No t calculated - 1. 069 
Sept. 1 4 - 5 . 000 3 . 01 6 . 99 8 1. 106 
Oc t . 9 - 5.042 3 . 035 . 9 99 1. 110 
.... 
0 
"' 
growth of the creek chub , Semotil u s a tr oma c ula tus , to be 
les s in a section of stream with reduce d flow than in a 
downstream section having a greater flow rate. 
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The deviations from the mean annua l growth inc r ement 
a re s hown in Figure 24 . Years of poorest growth genera lly 
followed yea r s of near minimum summer f l ow rates a lthough 
this r e lationship is not strong . 
Other species 
The annual growth rates of several less abundant 
species in the r i ve r were calculated . These include 
rainbow trout , Utah chub, cutthroat trout and green sunfish. 
The mean ca l c ul a ted total l engths and increments of growth 
for these species are presented i n Tab l es 32 through 35 . 
No r ainbow trout over four years o l d were found in the 
river. Ca l cu lated growth at each annulus was generally 
greater than in most s tudies reported by Carlander (1969) 
particul a rly for the first year of g rowth . This, however , 
probab l y reflects the hatche ry origin of the fish rather 
than the suitability of the river as rainbow trout habita t. 
The mean condition fac t o r of 20 untagged fish (1.088) was 
neverthe l ess , higher than most r eported in the li terature. 
During the ir first two o r three years, g r owt h of Utah 
chubs i n the Logan Ri ver general l y exceeded the growth 
reported i n o ther Utah habitats (Ca rbine, 1 936; McConnell 
e t al ., 1957) . In olde r fish , growth appears to be r e l a -
tively s l ow . By the time the fish are over t hree yea r s old 
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Figure 24. Deviations from mean annual growth increment of 
Utah suckers in the Logan River from 1964 to 1971 . 
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Table 32. Mean calcu l ated total l engths of 39 Rainbow trout collected in the Logan 
River during 1970-1971. 
Age Number of Total length 
c l ass fish at capture l 2 3 4 
I 1 0 296 1 87 
II 17 318 125 238 
III 1 0 358 1 23 213 295 
I V 2 378 118 209 274 326 
Grand average 13 8 220 284 326 
Annual increment 188 82 64 42 
Number. reaching age 39 29 12 2 
,__. 
,__. 
,__. 
Table 33. Mean calculated total lengths of 12 Utah chubs collected in the Logan 
River during 1 970 - 1971. 
Age Number of Total length 
c l ass fish at capture l 2 3 4 5 6 7 8 
I l 160 97 
II 0 
III 2 203 96 14 8 17 5 
IV 3 185 46 97 147 164 
v 2 196 74 116 148 163 182 
VI 0 
VII 3 227 49 89 123 149 175 196 211 
VIII l 220 31 71 111 1 46 169 185 200 211 
Grand average 63 105 142 1 57 177 193 208 211 
Annual incremen t 63 42 37 1 5 20 1 6 15 3 
Number r eaching age 1 2 11 11 9 6 4 4 l 
f-> 
..... 
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Table 34 . Mean calculated total lengths of 13 Cutthroat trout collected in the Logan 
River during 1970 - 1971 . 
Age Number of Total length 
class fish at capture l 2 3 
I 8 245 152 
II 4 304 147 256 
III 1 395 198 312 359 
Grand average 154 267 359 
Annual increment 154 113 92 
Number reaching age 13 5 1 
..... 
..... 
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Table 35 . Mean calculated growth rates of 19 Green sunfish collected i n the study 
area in 1 970 -1 971 . 
Age Number of Tota l length 
c l ass fish at capture l 2 3 4 5 6 
I 4 73 35 
II 4 114 36 78 
III 7 1 25 35 7l 101 
IV 3 1 30 34 75 97 117 
v 0 
VI 0 
VII l 1 75 21 59 79 1 03 11 5 1 76 
Grand aver age 36 74 97 11 4 115 136 
Annual increment 36 38 23 1 7 l 21 
Number reaching age 1 9 1 5 11 4 l l 
7 
1 63 
1 63 
27 
l 
f." 
f." 
"' 
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(approximately 150 mm in total length} it is likely that 
they are in direct competition for availab l e resources with 
the more abundant whitefish a nd brown trout in the river. 
Hazzard (1935} states that Utah chubs compete directly with 
trout in Utah Lake. It is also probable that their decline 
in abundance in the river was in part related to increases 
in the two aforementioned spec i es in the lower reaches of 
the river. 
No cutthroat trout over three years of age were 
collected in the river . Fleener (1951}, in collections from 
the canyon portion of the Logan River also did not find any 
fish over three years old. Calculated growth rates of 
cutthroats in the river were greater than in most stream 
studies summarized by Car l ander (1969} including collections 
from the canyon portion of the river. The abundance of 
cutthroats in the rive r is probably limited by reduced 
spawning habitat and competition wi th other species for food 
and possibly cover. 
Green sunfish were not abundant in the Logan River 
a lthough they were consistent l y collected in 7-Mile Creek . 
The majority of those used for determining age and growth 
relationships were collected in 7- Mile Creek. Growth rates 
were l ess than thos e reported by Sig l er (1963} for other 
Northern Utah populations. The mud and si lt bottom, constant 
turbidity and extremes in flow and temperature in 7-Mile Creek 
may contribute to the slow growth in this population. 
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Fish Production 
Whitefish 
Popu lation estimates of whitefish above and below 
7-Mile Creek are shown in Figures 25 and 26 respectively. 
The population curves were fitted to the individual popu-
lation estimates by inspection . During intervals between 
population estimates, subjective estimates of the popula-
tion size were made based on field observations and move-
ment data . In September 1971, Delury estimate s of popula-
tion size were made in sections 2, 3, and 4. When the 
results were projected to the river above 7-Mile Creek 
there was close agreement with est imates based on the 
Peterson method indicating that the point estimates used 
were perhaps better than the confidence intervals might 
indicate. 
The whitefish population in the study area appears to 
have declined considerably from previous levels. During 
1 965-19 66 Matthews (1966) reported a yearly average of 1150 
whitefish per mile in the study area above 7-Mile Creek and 
approximately 135 per mile below 7-Mile Creek. During the 
p r esent study the annual average population size was 428 
whitefish above and 103 fish per mile below 7-Mile Creek. 
Production curves for mountain whitefish in the Logan 
River above and below 7-Mile Creek are presented in Figures 
27 and 28. 
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In est imating production of age 0 whitefish, the 
descending slope of catch per effort through time was used 
to calculate i, the instantaneous mortality rate in the 
exponentia l growth model. It was assumed to be the same in 
both 1 970 and 1971. By knowing the growth rate and having 
estimates of i and a single population estimate it was then 
possible to make a rough estimate of total net production 
of this age class. For the period from l J une 1970 to 
l June 1971 production of this age class above and below 
7-Mile Creek was 1.1315 gm/m 2 and . 9961 gm/m 2 respectively. 
Seasona l changes in whitefish production clearly 
reflect growth patterns. Maximum p roduction occurred during 
May 1971 . A negative net production was observed during the 
summer months in both 1970 and 1971. In 1970 production 
rose to slightly above maintenance levels by August and 
remained there through March . In 1971 maintenance l eve l s 
were not reached by October a lthough above 7-Mile Creek net 
we ight losses to the population were declining at this time. 
Below 7-Mile Creek net weight los ses continued through 
October . 
Estimates of production of gonadal products were based 
on mean gonad weight differences of pre and post spawning 
fish (Figures 29 and 30). Because of the difficulty of 
obtaining fish either immediately before or after spawning, 
these estimates should be considered minimal. If fish were 
collected before spawning, maximum gonadal development would 
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not ye t have occurred. Fo llowing spawning one would expect , 
in the females a t l east , that gonad we i ght wou ld be zero and 
on l y one regression line wou l d be needed t o estimate gonad 
weight l osses , the o ther being the abscissa . However , 
because all eggs we r e not s h ed during spawning and new 
ovaries were already deve loping, the post-spawning regres-
s i on lines in these Figures were u sed to obtain an es timate 
of the l ower limit of we i ght loss. 
For purposes of estimating gonad production the follow-
ing ass umptions wer e made: l) growth in l ength was not 
occurring be t ween the pre and post - spawning period, 2) spawn-
ing occurred over a r elative l y shor t inte rva l, and 3) all 
sexual l y mature fish in the river spawned in the study a r ea . 
Based on the number of spent spawners in the river, and 
the degree of development of eggs collec ted in t he river 
during l ate November , November l st was chosen as the approxi-
mate date of spawning . Water t emperature on t h is date was 
a l so consistent with Brown ' s s t atement (Brown , 19 52 ) that 
stream popu l a tions do not spawn until temperatures drop to 
42° F. 
Mean we ight l osses due to spa~ming wer e ca l c ul a ted as 
the a lgebraic d ifference between the p r e and pos t spawning 
regress ion lines a t the mean length of the fish at spawning . 
The values obta ined were assumed to be the same in both 1970 
and 1971. In 1 970 gonada l prod11ction above and belo~>• 7-Mile 
Cr eek was .8007 gm/m 2 and .1507 gm/ m2 respectively (Tab l e 36). 
Table 36. Estimated whitefish gonad production in the Logan River 1970-1971. 
Mean p re to post Estimated Estimated total 
spawning weight spa>ming weight l oss due 
los s (gms) populationa to spawning (gms / m2 ) 
1 970 
Above 7-Mile Creek 
Females 60 . 4 298 
. 6740 
Males 18 . 6 1 82 
.1 267 
Below 7- Mile Creek 
Females 60 . 4 65 .12 70 
Males 1 8.6 40 .0 240 
1 971 
Above 7-Mile Cr eek 
Fema l es 60.4 117 8 2.6643 
Ma les 1 8 . 6 722 
.5 028 
Below 7- Mile Creek 
Females 60 . 4 1 40 
.2 736 
Males 18.6 85 . 0511 
aBased on November l st population. 
f-' 
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This accounted for 20.6 percent and 9.1 percen t of total 
production in the two areas . 
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To o b tain an estimate of t o tal production (Table 37) 
gonad production was added to production of somatic tissue 
(Chapman, 1968). 
Goodnight and Bjornn (1971) present the only other 
known estimate of mountain whitefish production . They con-
sidered thei r estimate of 7.07 gm/m 2 /yr (which included 
only the summer growth period and no estimate of gonad 
production) to be somewhat lower t han might be expected for 
a species wh ich comprised 60 to 80 percent of t he total 
biomass of the fish population. They attributed this low 
production in part to an underestimation of the abundance 
of age 0 fish , but mainly to the age structure of the 
population in which a l a rge proportion of the biomass was 
in slow- growing o lder individuals that did not efficiently 
produce fish flesh. It is clearly evident from their data 
that a s ubstantia l amount of product ion occurred during the 
winter months which was not accounted for in their estimates. 
Considering these factors , whitefish production in the 
Logan River would appear unusually low . It should be pointed 
out, however that the whitefish in the study area were 
approaching the downs tream limit of their range in the Logan 
River . The ir t ota l production, while not only reflecting 
growth r ates , also reflects the r e l ative abundance of white-
fish in the s·tudy a r ea . These factors , combined with limited 
Table 37. Whitefish production estimates for period June 1970 - May 1971 . 
Production g/m 2 /yr 
Source 
Gonadal production 
Juvenile productiona 
Adult production 
Total production 
Gonadal production/Total Production % 
Above 7- Mile Creek 
. 8007 
l. 0502 
2 . 0277 
3 . 8786 
20 . 6 
aJuveniles were fish in their first and second years of life. 
Below 7-Mile Creek 
.1507 
1.1178 
. 3912 
1.65 97 
9 .1 
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spawning success in the study area would suggest that this 
section of the river is at best only marginal habitat for 
mountain whitef ish. 
Brown trout 
Brown trout population estimates made during the 
study are presented in Figure 31 . During the summer of 
1970 the brown trout declined steadily in abundance as 
water l evels in the study area dropped . Although no popu-
lation estimates were made after normal flows were restored 
in September, there was no noticeable increase in abundance 
following the increased flow. The population appeared to 
decline steadily through the winter and early spring . With 
the onset of the spring runoff, an increase in the popula-
tion was noted suggesting movement downstream with high 
water. As water levels subsided the population likewise 
declined and remained relatively constant throughout the 
summer. There appeared to be a slight decline in the popu-
lation during the fall of 1971, possibly associated with an 
upstream spawning migration. Brown trout movement at this 
time was predominate l y upstream . 
The seasonal production pattern in brown trout (Figure 
32) was very similar to that of the whitefish . A net 
negative production occurred during the summer months in 
both 1970 and 1971 . Production was low during the fall and 
winter and rose to a peak in April and May. Total net 
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Figure 31. Brown trout population curve in the Logan River above 7- Mile Creek 
during 1970 and 1971 . 
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production of somatic tissue for the period June 1970 to 
May 1971 was 5.8821 gm/m 2 /yr (Table 38 ). 
Pre and post spawning total length-gonad weight 
relationships for ma l e a nd female brown trout are shown 
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in Figures 33 a nd 34 . Gonadal production estimates based 
on the a l gebr a i c differences of these regression lines a r e 
presented in Table 39 . The same assumptions made in 
estimating gonadal production in whitefish were made in 
estimating gonadal production in the brown trout. Consid -
erable error is likely in the estimation of gonadal pro-
duction of the male brown trout becaus e of the smal l number 
of post spawning fish collected. Th e estimate should 
probab l y be considered minimal . 
Adding gonada l to somatic tissue production results in 
a total estima t ed produ ction of 5 . 94 1 3 gm/m 2 /yr for the 
period June 19 70 through May 1 971 . Gonadal production 
accounted for approximately . 99 percent of the tota l p r oduc -
tion for the year. Allen (1951) at tr ibuted 2 . 3 percent of 
total brown trout production to gonad p r oduc tion in a New 
Zealand stream wh ile Frost and Smyly (1 952) reported 3 . 2 
percent in an English pond trout population. 
Because of the low numbers of brown trout below 7-Mi l e 
Creek the popu l at i on size (and product i on) in this area was 
difficult to estimate . If, however, it i s assumed tha t the 
biomass collected is proportional to the standing crop and 
that standing crop i s propor tiona l to production (as was 
Table 38. Distributi on of production among brown trout 
year classes for the period June 1970 - May 
1971. 
Year class 
1966 
1967 
1968 
1969 
Total 
Net productiona 
g/m 2 /yr 
.1362 
2.4588 
2.1787 
1.1084 
5 .8821 
aSomatic tissue only . 
% of total net 
production 
2.31 
41.80 
37.04 
18.84 
100.00 
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Table 39. Estimated brown trout gonad production in the Logan River 1 970 -l97la . 
197 0 
Fema l es 
Ma l es 
1971 
Females 
Males 
Pr e and post 
spawning weight 
l oss (gms) 
7.89 
6 . 90 
7.89 
6 . 90 
~Estimates for above 7-Mile Cr eek on l y. 
Sex ratio 1 male ; 1. 9 female . 
c Eased on mid November popu l at i on. 
Estimated 
spawning 
populationb,c 
1 38 
72 
1 64 
86 
Estimated total weight 
l oss due t o spawning 
(gm/m 2 ) 
. 0407 
. 0185 
.0484 
.02 22 
,_. 
w 
Ul 
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done by Chapman (1966) in estimating total fish production 
in Wy land Lake, Indiana , from the data of Gerking (1962)) 
a production estimate of .83 gm/m 2 /yr can be obtained for 
the river below 7-Mile Creek. Most of the production 
below 7-Mile Creek probably occurs in the upper sections 
of this area. Very few brown trout were collected in the 
lower most sections of this area. 
In a classical study of stream fish production, Allen 
(1951) estimated brown trout production at 54.7 gm/m 2 /yr . 
Mann (1965) and Chapman (1966) however indicate possible 
errors in Allen's estimates which would lower the value to 
about 45 gm/m 2 /yr or less, still one of the highest esti-
mates made for any species. A production estimate of 10-18 
gm/m 2 /yr was made by Horton (1961) for brown trout in an 
English brook. The estimate of 5.94 gm/m 2/yr in the Logan 
River would appear low for the species. As with the white-
fish , the brown trout in the study area are approaching the 
lower limit of their range in the river and it would appear 
that they are at the lower extent of suitable habitat for 
the species. Factors most likely limiting brown trout pro-
duction in the river are food, suitable spawning habitat and 
cover. 
The brown trout population in the river did not exhibit 
a classical population structure with the age 0 fish being 
numerically dominant and older fish declining smoothly in 
abundance . Age 0 brown trout were very seldom seen or 
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collected during the study . Even during the extremely 
low water in August 1970 when the river was thoroughly 
sampled, smal l trout were rarely in evidence . Limited 
seining in the river also failed to demonstrate their 
presence in the river in any substantial numbers. Limited 
spawning success in the study area probably accounts for 
this noticeable absence of young trout. Suitable spawning 
habitat was not abundant in the study area, most grave l 
being heavily silted except in a r eas of high water ve locity . 
Although no redds were observed in the river nor were any 
trout eggs recovered during gravel screening efforts , there 
was evidence that some spawning was occurring. The observed 
changes in pre and post spawning gonad development a lone 
would support this contention. Furthermore , on Novembe r 25 , 
1971 a 557 gram female brown trout was collected in section 
2 whose stomach was replete with recently spawned trout 
eggs . It appears that although spawning occurs , it is 
limi ted in extent and survival is very l ow. It is suspected 
that the majority of brown trout in the study area were 
recruited from upstream r eaches of the river , probably during 
the spring runoff . It would be of interest to see what 
effect the dredging and channelization wh i ch occurred upstream 
from the study area in the fal l of 1971 wi ll have on the 
future recruitment of brown trout in the study area. 
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The estimation of carp production in the river was 
complicated somewhat by the inability to distinguish indi-
vidual year c l asses in the popu l ation. In order to do this 
a means of aging each fish would have been needed. Scales 
were not found suitable for aging the carp. Had other 
parts of the fish been used, high mortalities could have 
been expected and it is likely the population wou ld have 
been nearly extirpated during the first few months of the 
study. 
Because sma ll carp were se l dom encountered and the 
majority of the larger fish were fairly uniform i n s ize it 
was possible to base production estimat es f or the population 
on the mean product i on of recaptured fish during g iven time 
intervals. It was assumed that during short time intervals 
production by fish lost through natural mortality would not 
significantly i ncrease the estimate of production. The 
very low annual mortality rate observed in the carp popula-
tion (a = . 3093 ) would further support this contention. 
Production estimates we r e made during four time 
intervals roughly encompassing the fo llowing periods: 
summer 1970, fa ll 1970, spring 1971 and summer 1970 to summer 
1971. Mean weight changes were calculatej for al l fish 
tagged and r ecaptured during the respective time intervals. 
Net production during the period was estimated as the product 
of mean weight change and the mean popu l a t ion size (Table 40) . 
Table 40. Net production estimates for carp above and below 7- Mi l e Creek based on 
weight changes of tagged fish. 
July - September August-March February- July Ju l y - October 1970 
197 0 1 970 - 1971 1971 July - October 1971 
Above Below Above Below Above Below Above BelO\v 
Average 
i ndividual 
weight change 
g/day -. 888 -. 811 -. 116 + . 076 +1. 973 +2 . 090 + .7 77 +.942 
(N) (24) (9) (20) (60) (3) (2) (1 7) (7) 
Mean population 
size 1 866 1 403 10 24 2 21 7 2981 1301 1 987 1 635 
Net population 
weight change 
g/day - 1657 - 1137 - 118 +168 +5881 +2719 +1 543 +1 540 
Time period 
in days 90 90 1 50 1 50 120 120 360 360 
Mean days between 
captures (26 . 7) (31. 6) (1 06 . 1) (98 . 6) (152) (1 38 . 5) ( 363 . 7) (359 . 0) 
Net est imated 
product i on for 
period 
g/m2 
- 5 . 58 - 3 .31 -. 66a +. 81 a 26 . 04b l 0 . 55b 21. 08 1 8.19 
~P roduction based on 1 50 day per iod October - February . 
,_.. Pr oducti on based on 1 20 day per iod Mar ch - June. 
w 
\!) 
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Population abundance curves for carp above and below 7-Mile 
Creek are shown in Figures 35 and 36. The annual pattern 
of carp production appears to be quite similar to that 
observed in the whitefish and brown trout populations . A 
net negative production occurred during the summer months, 
production was negligible during the fall and early winter 
and was at its highest l evel during the spring. Total 
estimated annual production of somatic tissue above 7-Mile 
Cre ek based on these three periods (19.80 gm/m 2 /yr) agreed 
quite closely with the estimate (21.08 gm/ m2 /yr) based on 
known weight changes of fish which were recaptured after a 
oneyear period . Below 7 - Mile Creek the agreement was not as 
good . The estimates here were hampered by smal l sampl e size . 
As a result it is suspected that the discrepancy was due to 
an underestimate of abundance in the lower reach of the 
river. 
Gonadal production estimates for female carp are pre -
sente d in Table 41 . Spawning was assumed to occur in June 
and early July . The re was no significant difference in the 
slopes or means of the pre and post spawning gonad weight-
total length relationship in the male carp (F1 , 23 = .00 2 and 
F1 , 24 3 . 83 respectively at the 95 percent confidence level). 
Gonadal production in the male carp wa s t herefore considered 
negligible. The gonad weight-total length regressions for 
both ma le and female carp are shown in Figure 37. 
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Table 41. Estimated gonad production of female carp in the Logan River 1970 - 1971 . 
Pre to post Estimated Estimated t otal weight 
spawning weight spawning l oss due to spawning 
loss (gms) population a (gm/m2) 
1970 
Above 7- Mile Creek 91 900 3 . 06 
Below 7-Mile Creek 91 835 2 . 45 
19 71 
Above 7- Mile Creek 91 1738 5 . 92 
Below 7- Mile Creek 91 339 . 99 
asex ratio 1 male : l. 09 2 females . 
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"'" w
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Adding the estimated gonadal production to the produc-
tion of somatic tissue results in a total production of 
22 . 86 gm/m 2 /yr above 7-Mile Creek and 1 0 .45 gm/m 2 /yr below 
for the period July 1970 to July 1 971 . Since extended and 
multipl e spawnings of carp have been reported (Carlander , 
1969) it is conceivab l e that the negative p roduction in the 
summer of 1 970 was the result of weight losses due to 
shedding of gonadal products . The magnitude of this loss 
is quite similar to the estimated production during the 
summer . 
Not many estimates of production of non-game fish 
species have been made . Surprisingly enough , an est ima t e 
of carp produc tion under Utah conditions can be obtained . 
Robel (1962), i n a study of growth r a tes of carp in a bay 
on the Bear River delta , presented weight increases of fish 
held in enclosur es for periods of up to three months between 
May and October during 1959 -6 0- 61. F i sh were weighed when 
placed in the 2500 ft 2 pens and when removed . They were 
similar in size to those found in the Logan River , ranging 
from 1135 grams to 6174 grams . Densities in a ll cases were 
l ess than found in the Logan Ri ver. No mortalities occurred 
in the pens u sed for making the estimate . 
Production estimates based on Robel 's data ranged from 
1. 34 gm/m 2 to 3 .67 gm/m 2 with an average fo r the three 
summers of 2.6 1 gm/m 2 • From his description of the study 
area it would appear to be a highly productive environment , 
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being rich in vas c ular aquatic vegetation . While these 
val u es are higher than those in the Logan River for a com-
parabl e time -period, they are considerably lowe r than the 
es tima ted production in the Logan River for the spring 
months. 
In unfertilized natural waters Viosca (1935) reported 
carp production ranging from 11.2 to 39.0 gm/ m2 /yr. In 
ponds fertilized with domestic sewage he reports annual 
production as high as 99.7 to 157.0 gm/m2 • From this it 
appears that carp production in the Logan River i s only 
somewhat be low if not comparabl e to other estimates from 
natural ha bitats. 
In spite of their s l ow growth rate , carp accoun t ed for 
a l a r ge proportion of the total annual production in the 
Logan River . It appears that thei r abundance was more 
important in determining their tota l production than was 
their growth rate. Hunt (1966) c ame to the same conclusion 
in p r oduction studies on a Wisconsin brook trout population . 
Utah s u cke r 
For reasons a lre ady discussed it was not possible to 
obtain an estimate of the size of the population of suckers 
in the study area . Without some knowledge of the population 
size it is very difficult to obtain an estimate of produc -
tion. Some insight into the seasona l pat t ern of production 
can be ga ined however from an examination of the weight 
changes that occurred in recaptured fish. In Figure 38 the 
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time interval between tagging and recapture of all r e cap-
tured suckers and their r espective weight changes are 
shown . From this figure a production pattern similar to 
that of the whitefish, brown trout and carp is evident. 
148 
A net negative production occurred during the summer 
of 1970 . Although based on only three recaptures, the 
same trend in the summer of 1971 is suggested. A seasonal 
peak in production cannot be clearly discerned from Figure 
38 however individual production appears to be somewhat 
higher during the fall than in the spring. 
For suckers at large for almost one year (mean of 339 
days at large) the mean individual growth increment was 
.522 gm/day. This is about 60 percent of the mean of .859 
gm/day observed in the carp. Based on their relative 
abundance in the collections, the biomass of suckers 
amounted to approximately 20 percent of the carp biomass . 
Because of the functional similarity of the carp and sucker 
populations , with large fish predominating , a very rough 
estimate of sucker production can be made if again, as 
Chapman (1966) assumed , production is proportional to biomass 
and as I assume, biomass collected is proportional to biomass 
present . Assuming that carp production in the study area is 
approximately 20 gm/m 2 /yr, sucker p roduction wou ld therefore 
be on the order of 2- 3 gm/m 2 /yr . Because of the assumptions 
made, this is probably an overestimate . 
Without an estimate of population size total gonadal 
production cannot be determined. In any respect, indivi-
dual estimated weight losses due to spawning amounted to 
63 .1 grams in the females and 26.0 grams in the males . 
Other species 
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During the study fifteen other species were col l ected 
which accounted for approximately 4.59 percent of the total 
numbers and 1 . 16 percent of the biomass . The majority of 
these fish we re collected in 7- Mile Creek. Because of the 
small size of most of these fish and their low abundance in 
the study area it is unlikely that they woul d contribute a 
significant amount to the total production in the river. 
It is therefore probable that production of whitefish , brown 
trout, carp and suckers approximates total fish production 
in the river. 
The Fish Population and Pollution Abatement 
in the Logan River 
The effects of the sewage discharge in the Logan River 
and its subsequent abatement following the construction of 
the oxidation ponds by the City of Logan have clearly 
effected the fish population in the river as well as other 
components of the river community . Invertebrate communities 
are particularly susceptible to alteration in structure and 
composition when exposed to pollution . Because many fish 
species present in the river are sight feeders, a slight 
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change in the composition of the invertebrate forage base 
could have a profound effect on their distribution and 
abundance . The tubificidae and chironomids common in 
pol luted waters are often not available to many fish as 
food because of their burrowing habits. Slight organic 
pollution may therefore actually reduce the amount of food 
available to fishes by eliminating some of the normal 
fauna, even though it may actually increase the number of 
invertebrates per unit area of river bed (Hynes , 1966). 
It is very probable that the changes in species composition 
which occurred with the onset of the po llution were 
influenced by this phenomenon . This coul d have been parti -
cularly significant in the virtual exti rpation of the Utah 
chub population and the increase of carp in the river. 
J ust as the pollution altered the river biota , its 
abatement in 1968 likewise produced a change in the then 
established fish population structure as the river recovered 
from the excessive organic load . In spite of this it is 
doubtful that the full complement of native fishes will ever 
return to the river considering the introduction and esta-
blishment of highly adaptive and competitive e xotic species 
such as the carp , rainbow and brown trout and the other 
seemingly irreversible changes which have occurred on the 
watershed . 
Fish movements generally did not appear to have been 
greatly altered b y the po l lution abatement. In the whitefish 
this was probably a reflection of the relatively low 
numbers below 7 - Mile Creek both during the present study 
and Matthews' study in 1966. Brown trout , on the other 
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hand demonstrated quite d i fferent movement patterns 
following the abatement of the sewage discharge . Their 
movements appeared l ess extensive than in the p r e - aba t ement 
period, this being attributed to an improvement in water 
qual ity below 7-Mile Creek. Without a knowledge of the 
previous movement patterns of the other species present in 
the river it is difficult to surmise how they have responded 
to the pollution abatement . The movement patterns noted in 
thi s study for carp and sucker s indicate that their move-
ments were not great l y d ifferent from those reported in 
other simi l ar studies s uggesting perhaps that no identifi-
able response , at l east during this study , occurred in 
relation to the improved water quality below 7-Mile Creek . 
The effect of the pollution abatement on fish growth 
was quite variable . Growth of brown trout and whitefish 
appear to have improved since 1 968 whereas carp growth , and 
to a lesser extent , sucker growth , have decl ined somewhat . 
These growth rate changes are consistent wi th the previously 
described theory that organic pollution can cause an increase 
in forage types which are most suitable for non - sigh t feeding 
fishes such as carp and suckers . Remove the source of 
pollution and these burrowing forms decline in relative 
abundance as other forms increase . As a result the forage 
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base for bottom feeding fishes such as carp and suckers 
wou ld essentially decline whi le that for the sight-feeders 
such as trout and whitefish would increase . As tenuous as 
this argument may be it seems to be one of the more 
rational explanations of what has occurred ·in the Logan 
River following the pollution abatement. 
Fish production estimates in the Logan River are com-
pared in Table 42 to severa l other studies in which total 
production was measured . 
Production in the Logan River is quite comparable to 
that in other western streams containing mixed fish popula-
tions and is of the same order of magnitude of several 
other fish production estimates. 
Although no estimates of fish production were made 
prior to the pollution abatement in the river, a comparison 
can be made with primary production estimates for the river 
made by Beers (1969) and the fish production estimates f rom 
the present study. If one assumes constant gross ecological 
efficiencies of 10 percent between trophic levels (Slobodkin, 
1960) a very rough estimate of potential fish production in 
the river for the period prior to the pollution abatement can 
be made . Beers estimated net primary production in the river 
to be 380 gm 0 2 /m 2 /yr. In terms of energy units this equals 
1330 Kcal/m 2 (conversion factor 3 . 5; Mcintire and Phinney, 
1965). If one percent of net production is converted into 
fish b iomas s at the third trophic level potential fish pro-
duction should have been about 13 Kcal/m 2/yr . Beers ' estimates 
Table 42. Comparison of fish p roduction estimates in the Logan River and selected 
waters (g/m 2 /yr). Taken in part from Gerking , 1967 . 
Water 
Logan River , Utah 
Lemhi River , Idaho 
Deer Creek, Oregon 
2 Michigan ponds 
Species 
Mountain whitefish 
Brown trout 
Carp 
Utah sucker 
Rainbow Trout 
Mountain whitef i sh 
Sculpin 
Dace 
Ch inook salmon 
Coho sa l mon 
Cutth roa t trout 
Sculp in 
Bluegill sunfish 
Pumpkinseed sunfish 
Redear sunfish 
Production 
3 . 87 
l. 65 
5.9 4 
. 83 
22. 86 
1 0 . 45 
2-3 
2. 39 
7.10 
.99 
. 81 
3 . 04 
1 6 
18.1 
Reference 
Goodnight and Bjornn , 1 971 
Chapman , 1 965 
Hayne and Ball, 195 6 
,_. 
"' w 
Table 42 . Continued 
Water 
Horokiwi stream, 
New Zealand 
Walla Brook, England 
Shelligan Burn, 
Scot l and 
River Thames , England 
Lawrence Creek, 
Wisconsin 
River Thames, 
England 
Species 
Br own trout 
Brown trout 
Sa l mon 
Br own trout 
Roach 
Bleak 
Perch 
Dace 
Gudgeon 
Brook trout 
Bleak 
Roach 
Dace 
Gudgeon 
Production 
54 . 7 
10-18 
6 . 5- 11.1 
7 . 7- 12 . 3 
42 . 6 
9 . 3- 10 . 6 
91.4 
58 . 8 
28.1 
1 5 . 7 
5.2 
28 . 9 
3 . 6 
Reference 
Al len, 1 95 1 
Horton, 1961 
Egglishaw, 1970 
Mann , 1 965 
Hunt , 1 966 
MattheVJs, 1971 
..... 
"' 
"" 
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were based on the entire study area and included areas both 
above and beloiV 7- Mile Creek . A weighted estimate of fish 
production for the entire river in the present study is 
approximately 23.5 gm/m 2 /yr . Assuming potential energy 
stored in growth approximates to 1 Kca l for every gram of 
fresh weight increase (Mann, 1966), this then equals 23.5 
Kcal/m 2 /yr. 
Because Beers ' estimates were based on production of 
benthic a l gae on artificial substrates which were h ighly 
suitable for algal colonization , they probably represent a 
maximum estimate of autochthonous production . It is unlikely 
that production on the natural substrate in the river would 
be as high . In any respect , it appears that fish production 
in the river is greater now than it was during Beers ' study . 
~~ile it cannot be positively demonstrated that the abate-
ment of the sewage discharge was responsible for the apparent 
increased fish p r oduction in the Logan River , it remains as 
one of the more p l ausible explanations of this increase . 
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APPENDICES 
Appendix A 
SWTh~ary of Numbers and Biomass of Fish Collected in the Study Area in 1970-71-72 
% of Biomass % t otal 
Number total Mean weight collected biomass 
Species collected collected (gms) (gms) collected 
Whitefish 3863 49 . 94 148 571,724 14.18 
Carp 2146 27.74 1264 2,712,544 67.28 
Utah sucker 691 8.93 794 548 , 654 13.6 0 
Brown trout 681 8.80 224 15 2,544 3 . 78 
Rainbow trout 61 .7 8 257 1 5 , 677 . 38 
Cutthroat trout 32 .41 295 9 ,44 0 . 23 
Black bullhead 158 2.04 85 13,430 .3 3 
Yellow perch 8 .10 86 688 .01 
Green sunfish 46 .5 9 53 2 , 438 .06 
Bass 4 .05 58 232 . 005 
Black crappie 3 .03 121 363 .00 9 
Utah chub 19 .24 86 1, 63 4 .04 0 
Red shiner 5 . 06 7 35 .0 008 
Brook trout 2 .02 410 820 . 0200 
Speckled dace 4 . 05 3 12 .0002 
Grayling 3 . 03 300 900 . 0200 
Mountain sucker 2 .02 20 40 . 0009 
Go l dfish 1 . 01 19 9 199 .004 0 
Mottled sculpin 5 .06 5 25 .0006 
Total 7734 4,031,399 
..... 
"' 
"" 
Appendix B 
Trophic Condition Factors for Logan River Study Area 1 970 -1 971 
Station 
Year 1 2 3 4 5 6 7 8 7-Mi1e 
1970 . 829 .80 8 . 993 .918 . 956 1 . 434 1.7 90 1. 960 1. 875 
1 971 .4 04 . 339 .414 .4 35 . 58 1 . 514 . 916 1.237 1. 512 
>--' 
"' t.n
Appendix C 
Estimated Population Size N, Mean Biomass ~ (g/m 2 ) and Net Production P (g/m2) 
of Whiteflsh Year Ciasses Above 7 Mlle Creek~ 
1964-65-66 19 67 19 68 196 9 1970C 
h h h h 
Month N 8 p N 8 p N 8 p N 8 p N 8 p 
June 1970 254 377 -. 0478 168 356 -.3493 92 219 -.14 '79 149 87 -. 0078 .5545 
July 1 74 372 -. 0161 157 308 -. 0831 81 1 81 -.0171 204 86 -.05 02 .0874 
Aug . 66 369 .0069 10 8 294 .015 8 lll 177 .06 00 170 80 . 0000 -. 0346 
Sept. 37 372 . 0117 69 298 . 0304 70 192 .0116 78 80 .0786 .0442 
Oct . 68 377 . 0258 125 305 . 0483 103 195 .00 95 88 101 .1 071 -. 1194 
Nov . 97 384 .0428 184 312 .0834 lll 197 .0 142 78 130 . 0544 -.1513 
Dec . 11 6 393 .0601 231 321 . 0663 101 200 . 0085 52 149 .0223 -.1 359 
Jan . 1971 12 9 404 . 0726 264 327 .0368 89 2 02 .0152 32 161 .0061 -. 0288 
Feb. 142 416 .1024 286 330 . 0129 81 206 . 0323 23 166 .0025 . 0061 
Mar . 14 5 432 . 0588 295 331 .1052 80 215 . 0646 33 168 .0052 .2 460 
Apr. 14 8 441 .1502 295 339 . 0328 90 232 .1431 44 171 . 0312 .4 527 
May 15 8 463 .360 8 294 364 . 7418 109 264 .2642 63 184 .1 215 .2106d 
June 1 65 513 .3761 289 421 . 5473 140 311 . 1889 90 219 .1633 
July 14 8 567 . 0597 1 97 472 -. 0342 1 84 337 -. 0446 15 8 248 -.0636 300 90 .1 541 
Aug. 32 582 -. 0086 109 467 -.1734 216 332 -.157 9 319 242 -. 3136 834 96 . 0907 
Sept. 23 575 -.0616 95 429 -.1832 118 311 -.11 97 194 215 -.2437 526 99 .04 02 
Oct . 163 560 -. 3472 202 401 -.2477 182 293 -.2725 22 8 1 89 -. 2236 3 76 101 .0134 
Total Productionb .8282 . 7413 .4582 . 3709 1.1315 
% Total Production 23.4 20.9 12.9 10.5 32.1 
a 
somatic tissue only 
bfor period June 197 0- May 1971 
clst 12 months estimated by exponential growth model of Ricker and Forester (1948 ) 
..... 
dlst 15 days of May only "' 
"' 
Appendix D 
Estimated Population Size N, Mean Biomass B (g/m2) and Net Production P (g /m2 ) 
of Wh1.tef1.sh Year Classes Below 7-Hl.le Creeka 
1964 - 65 - 66 1967 196 8 1969 l97QC 
~ ~ ~ ~ 
Month N B p N B p N B p N B p N B p 
June 1 970 26 377 -.0045 61 356 -. 0908 57 219 -.0 665 llO 87 -.0027 
July 29 372 -. 0035 53 308 -. 0222 48 181 -. 0054 54 86 -.00 91 -. 0516 
Aug . 42 369 .0027 43 294 . 0035 34 17 7 .009 6 37 80 .0 000 -. 0474 
Sept. 13 372 .0026 10 298 . 0031 6 1 92 .00 06 6 80 .0053 . 0046 
Oct . 19 377 .00 61 17 305 .005 9 7 195 .0007 9 101 . 0146 -. 0348 
Nov . 34 384 . 0104 34 312 . 0119 15 197 . 0020 20 130 . 0172 -. 0048 
Dec . 44 393 . 0163 46 321 . 0097 26 200 . 0021 34 149 . 0157 -. 0045 
Jan. 1971 46 404 . 0174 52 327 . 0050 37 202 . 0056 45 161 . 0082 .0 354 
Feb . 42 4 1 6 .02 08 50 330 .0 016 48 206 .0156 54 166 .0 036 . 0846 
Mar. 37 432 . 0102 46 331 . 0116 57 215 .03 37 56 168 . 0052 .2 091 
Apr. 32 441 . 0225 42 339 . 0325 63 232 .0745 49 171 .0195 . 4357 
May 30 463 .04 60 37 364 . 0626 77 264 .1 373 42 1 84 . 0442 . 2217d 
June 26 513 . 0369 30 421 . 0434 98 3ll . 0613 35 219 - .0146 
July 16 567 . 0139 22 472 -. 0050 47 337 -. 0064 33 232 - .0035 157 100 .0 000 
Aug . 40 582 -. 0138 39 467 -. 0369 30 332 -.0141 74 230 - .0367 309 100 -. 0489 
Sept . 80 575 -.0332 1 9 429 -.0131 10 3ll -. 0039 56 213 - . 0550 182 94 -.03 09 
Oct. 54 560 -. 0385 9 401 -.00 51 3 293 -. 0015 51 182 - .0258 82 87 .0252 
Total Productionb .1 470 . 0344 .2098 .1217 .9961 
% Total Production 9.7 2 . 2 13.9 8.1 66.0 
a 
somatic tissue only 
bfor period June 1970-May 1 971 
clst 12 months est imated by exponential growth model of Ricker and Forester (1948) 
..... 
dlst 15 days of May only "' __, 
Appendix E 
Estimated Population Size N, Mean Biomass B (g/m 2 ) and Net Production 
p (g7m 2 ) of all Brown Trout Year Classes Above 7 M~le Creeka 
1966 19 67 1968 1969 1970 
~ ~ ~ ~ 
Month N B p N B p N B p N B p N B p 
June 1970 74 1.37 -. 0820 1 56 2.15 -.02 86 1 83 2 . 06 - .2769 83 .41 -. 0128 
July 57 . 89 -.1 041 101 1.2 9 -.0 822 150 l. 49 -.19 07 110 . 53 -.015 5 
Jl.ugus t 35 . 47 - .0805 58 .6 9 -. 1313 124 1.10 -.1393 147 .59 -.013 0 
Sept. 21 .27 -.0207 38 .41 -. 0837 10 6 . 85 -.080 5 145 .55 .0000 
October 16 . 22 -. 0055 32 .34 -. 0176 94 . 72 -. 0321 127 .46 . 0102 
Novembe r 15 .21 .0 005 34 .4 0 . 0070 86 . 66 .015 0 102 . 38 .0390 
December 1 6 . 23 . 0136 45 .54 .0 365 83 .6 6 .0 329 74 .31 .0427 
Jan. 1971 1 6 . 26 .029 5 57 .70 .07 31 81 .7 0 .0749 55 . 27 .0412 
February 1 7 .36 . 0923 64 .8 8 .1491 79 .77 .0 911 43 .28 .0 551 
March 21 .56 .17 05 69 1.31 . 5130 78 . 97 .2216 42 .48 .1 205 
April 24 1.10 .1 225 77 3 . 10 1.3 818 86 2.26 1.10 41 6 9 l. 51 . 3147 
May 47 1. 60 .0 000 1 38 4 . 61 . 6417 15 9 4 . 45 1. 3589 204 3 .45 . 5263 
June 53 1.19 -.12 97 122 3 . 38 -.0 158 19 0 5. 01 .189 1 334 4.43 .38 99 12 0 .69 . 0589 
J u l y 24 .38 -. 0956 56 1.31 -. 2527 150 3 .51 -.4 083 292 3 . 44 .1321 14 3 . 7 5 . 0413 
August 1 6 .3 3 -. 0814 94 2 . 09 -.5 012 166 2 .17 .012 6 122 .75 . 0282 
Sept. 7 . 12 -. 0102 79 1. 53 -. 0661 116 l. 62 . 0000 131 . 81 .12 96 
October 69 l. 26 . 0193 94 l. 36 .0 039 1 34 .85 .0238 
Total Productionb .13 62 2.4588 2.1787 1.1084 
% Total Production 2.31 41.80 37.04 1 8.84 
a 
somat ic tissue only 
bfor period June 1 970-May 1 971 
f-' 
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